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In  studying  the  lesions  produced  by  axsenical  compounds  in  the 
kidneys  of  different  species  of  animals,  certain  parasites  were  ob- 
served in  the  renal  tubules  of  guinea  pigs,  which  strikingly  resembled 
the  cocddium,  KlossieUa  muris,  observed  and  described  by  Smith  and 
Johnson^' '  in  the  kidneys  of  the  mouse.  As  we  believed  the  guinea 
pig  to  be  relatively  free  from  spontaneous  renal  lesions,  a  search 
through  the  literature  was  made  to  ascertain  if  renal  parasites  of  the 
guinea  pig  had  been  previously  described.  At  the  same  time  the 
study  of  a  large  number  of  guinea  pig  kidneys  was  undertaken,  in 
order  to  determine  the  relative  frequency  of  this  parasite  as  well  as  to 
obtain  information  concerning  the  lesions  which  tend  to  be  associated 
with  it. 

Sddelin'  in  1914  describes  a  parasite  which  occurred  in  the  kidneys 
of  two  guinea  pigs  from  Nigeria,  and  which  bears  such  strong  resem- 
blance to  KlossieUa  muris  in  some  of  its  stages  that  he  considers  that 
both  parasites  ''must  be  regarded  as  belonging  to  one  and  the  same 
genus,  whilst  the  question  of  their  specific  identity  or  otherwise 
cannot  at  the  present  time  be  finally  decided."  He  further  states 
that  the  parasite  does  not  appear  to  be  a  common  one  in  West  Afri- 
can guinea  pigs,  as  he  found  only  one  case  among  about  twenty  guinea 
pigs  of  the  Yaba  series.  Later  he  found  identical  parasites  in  sec- 
tions of  a  kidney  of  another  guinea  pig  from  the  same  locality.  He 
found  no  similar  instance  in  guinea  pigs  procured  in  Liverpool. 

*  Smith,  T.,  Jour.  Comp.  Med,  and  Surg,,  1889,  x,  211. 

*  Smith,  T.,  and  Johnson,  H.  P.,  Jour,  Exper,  Med,,  1914,  vi,  303. 
Seidelin,  H.,  Ann,  Trop,  Med,  and  Parasit.,  1914-15,  viii,  553. 
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Seidelin  describes  some  of  the  stages  of  the  parasite  detected  by  him 
and  suggests  a  probable  life  cycle.  There  is  undoubtedly  a  close 
resemblance  between  this  parasite  and  KlossieUa  mi^m,  .and  again 
between  both  these  parasites  and  the  one  about  to  be  described.  On 
the  other  hand,  the  question  of  the  identity  of  Seidelin's  parasite 
and  the  one  we  have  observed  will  be  discussed  later  on  in  this 
paper.  There  are  certainly  points  of  similarity  between  the  two, 
as  well  as  some  points  of  difference. 

It  may  be  stated  here  that  we  have  foimd  the  infection  to  be  by 
no  means  uncommon  in  kidneys  of  guinea  pigs.  In  sixty  guinea  pigs 
examined  for  renal  parasites,  twelve  were  found  to  be  infected.  In 
other  words,  in  our  experiments  with  guinea,  pigs  we  foimd  that  we 
must  reckon  upon  at  least  20  per  cent  of  the  animals  from  our  sources 
being  infected  with  this  renal  parasite. 

The  material  examined  consisted  of  kidney  sections  of  sixty  adult 
guinea  pigs  from  two  sources,  one  in  Philadelphia,  the  other  in  New 
Brunswick,  New  Jersey.  These  pigs  were  either  perfectly  normal 
animals  or  were  animals  which  had  been  used  for  toxicological  experi- 
ments with  various  arsenical  compounds  and  had  survived  the  use 
of  the  drug  not  more  than  24  hours.  This  arbitrary  time  limit  was 
set  in  the  choice  of  material  in  order  that  any  chronic  pathological 
process  observed  might  not  be  confused  with  the  drug  action,  since 
within  this  time  (24  hours)  no  extensive  proliferative  change  in  the 
kidney  can  be  attributed  to  the  action  of  these  compounds.  The 
kidney  tissue  was  fixed  in  Zenker's  fluid  and  imbedded  in  paraffin. 
Sections  were  stained  with  hematoxylin  and  eosin,  methylene  blue 
and  eosin,  and  Giemsa's  stain.  In  addition,  frozen  sections  were 
made  from  tissue  fixed  in  10  per  cent  formalin  and  stained  with  hema- 
toxylin and  eosin. 

Description  of  the  Parasite. 

Various  stages  of  the  parasite  have  been  seen  in  the  kidneys  of 
guinea  pigs  and  in  order  to  facilitate  an  interpretation  of  its  probable 
life  cycle,  a  certain  sequence  of  description  will  be  observed,  beginning 
with  the  stage  or  form  most  frequently  encountered. 

Sporoblast  Cycle. — The  form  most  frequently  seen  is  a  small  round 
or  ovoid  body  measuring  7  to  8  /i  in  diameter.    It  stains  a  very  light 
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bluish  pink  with  hematoxylin  and  eosin,  and  contains  numerous  small 
dark  blue  masses  of  chromatin  scattered  through  the  cytoplasm  in 
no  definite- arrangement  (Figs.  1  and  2).  The  cytoplasm  is  some- 
what granular  and  slightly,  if  at  all  refractile.  The  chromatin  is 
of  two  sizes,  larger  irregular  masses  and  tiny  pin  points,  both  taking 
a  dark  blue  stain  with  hematoxylin  and  methylene  blue.  Usually 
several  of  these  parasites  are  foimd  free  in  the  lumen  of  the  renal 
tubules  and  sometimes  the  lumen  appears  to  be  completely  blocked 
with  them.  They  are  most  frequently  seen  in  the  straight  tubules 
of  the  inner  half  of  the  cortex,  but  are  also  foimd  somewhat  less 
niunerously  in  the  convoluted  tubules  and  in  the  tubules  of  the  upper 
medulla.  Occasionally  one  or  two  may  be  foimd  in  the  capsular 
space  of  the  glomerulus.  This  stage  of  the  parasite  is  apparently 
very  similar  to  the  so  called  ' 'daughter  sporoblast"  stage  of  KlossieUa 
muris  described  by  Smith  and  Johnson. 

In  certain  sections  it  has  been  possible  to  make  out  a  confining 
cell  membrane  surrounding  several  of  these  bodies,  as  in  Fig.  2. 
The  membrane  is  all  that  remains  of  the  epithelial  cell  that  origi- 
nally contained  the  developing  parasites.  As  they  grow  and  increase 
in  size  the  host  cell  must  necessarily  enlarge  until  it  becomes  flask- 
shaped  and  bulges  out  into  the  lumen  of  the  tubule.  The  parasites 
occupy  the  broad  distal  portion  of  the  containing  cell  and  the  nucleus 
is  usually  crowded  inwards  and  often  to  one  comer  of  the  cell.  It 
frequently  appears  flattened,  compressed,  or  shrunken,  and  eventually 
it  disappears,  apparently  just  preceding  or  about  the  time  of  rupture 
of  the  cell.  The  cytoplasm  of  the  host  cell  gradually  becomes  more 
and  more  scanty  and  granular  and  finally  all  that  remains  of  the 
cell  is  its  enormously  distended  cell  wall,  which  is  ruptured  by  the 
escaping  parasites.  It  is  somewhat  difficult  to  determine  just  how 
many  parasites  develop  in  the  epithelial  cell,  as  we  have  had  no  op- 
portunity of  examining  any  material  except  cross  sections  of  kidney 
tissue.    However,  there  are  probably  at  least  ten  to*  twelve. 

Each  of  these  parasites  next  imdergoes  a  division  or  segmentation 
into  eight  to  twelve  bodies  (Fig.  3).  These  bodies  are  falciform  or 
banana-shaped  and  are  extremely  small,  measuring  1  by  4  to  5  /i, 
and  are  surrounded  by  a  distinct  membrane.  Their  cytoplasm 
is  clear  and  non-granular,  pink  (hematoxylin  and  eosin,  and  Giemsa's 
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Stain),  and  each  body  contains  a  dark  blue  dot  of  chromatin.  We 
believe  that  these  tiny  fusiform  bodies  are  similar  to  the  form  desig- 
nated  as  the  sporozoites  of  Klossidla  muris.  The  further  history 
of  these  bodies  is  entirely  conjectural  and  will  be  referred  to  later 
in  the  discussion. 

Not  uncommonly  one  will  find  in  heavily  infected  kidneys  a  form 
(Fig.  4)  which  is  evidently  the  precursor  of  the  two  stages  just  de- 
scribed. This  form  is  comparatively  large,  and  may  measure  17  by 
22  /x;  it  has  the  same  appearance  and  staining  characteristics  as  the 
smaller  more  usual  forms  first  described  (Figs.  1  and  2).  A  break- 
ing up  of  this  large  mass  into  several  constituent  smaller  bodies 
results  in  a  picture  similar  to  Fig.  2.  In  studying  various  infected 
kidneys,  we  'have  seen  several  microscopic  fields  in  which  there  were 
all  gradations  of  this  division  (Fig.  6),  so  that  we  are  inclined  to 
regard  this  large  parasitic  mass  as  corresponding  to  the  so  called 
"mother  sporoblast"  stage  of  Klossiella  muris. 

Ring  Farm. — In  several  of  the  sections  of  heavily  infected  kidneys 
we  have  seen  a  stage  of  the  parasite  which  we  have  called  the  "ring," 
or  "annular"  form  (Figs.  7  and  8).  It  is  always  within  an  epithelial 
cell  and  the  cell  itself  is  enlarged  and  may  protrude  into  the  lumen  of 
the  tubule  to  the  extent  of  nearly  occluding  it,  as  in  Fig.  8.  This  form 
measures  18  to  20  /x  in  diameter  and  consists  of  a  series  of  twelve 
to  eighteen  definite  divisions  or  segments  arranged  in  a  circle  or  ring. 
Each  division  is  extremely  small,  ovoid  in  shape,  and  measures  3  by  5 
to  7  /i.  They  are  smaller  than  the  more  frequently  encoimtered  forms 
seen  in  Figs.  1,  2,  3,  and  4  (the  daughter  sporoblasts),  and  in  appear- 
ance are  totally  different.  The  cjrtoplasm  is  refractile  and  stains 
practically  not  at  all,  or  at  most  a  very  pale  pink  with  hematoxylin 
and  eosin,  and  Giemsa's  stain.  Each  segment  contains  one  or  two 
chromatin  dots.  In  some  instances  the  two  chromatin  dots  appear 
to  be  fusing  together;  in  others  they  are  distinctly  separate  from  one 
another.  In  other  instances  the  one  chromatin  dot  is  elliptical  in 
shape,  and  it  is  possible  that  the  fijiding  of  two  chromatin  dots  is 
due  to  the  level  of  the  section.  In  the  center  of  the  ring  form  is  a 
small  amount  of  a  granular  refractile  pale  pink  staining  material 
which  is  apparently  a  residuum  of  the  cytoplasm  of  the  surroimding 
ring  segments  (Figs.  7  and  8). 
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In  Fig.  8  there  is  a  typical  ring  body  and  another  intracellular  form 
which  we  think  is  also  a  ring  body  seen  from  the  outside.  In  other 
words,  a  ring  body  is  a  section  through  such  a  hollow  sphere  as  is 
seen  in  Figs.  9  and  10.  Here  there  are  eighteen  small  segments  or 
divisions,  each  of  which  is  similar  in  appearance  and  staining  reactions 
to  the  segments  of  the  ring  form. 

The  ring  segments  are  not  only  considerably  larger  than  the  final 
divisions  of  the  sporoblast  cycle,  the  sporozoites  (Fig.  5),  but  are 
also  of  a  totally  different  shape  and  appearance.  Moreover,  the 
immediate  precursor  stage,  the  ring  form,  is  still  enclosed  in  an 
epithelial  cell,  while  the  precursor  stage  of  the  falciform  bodies  shown 
in  Fig.  5  is  not  necessarily  intracellular.  Indeed,  when  the  division 
into  the  tiny  falciform  bodies  or  sporozoites  occxirs,  the  daughter 
sporoblasts  are  probably  always  extracellular  and  free  in  the  lumen 
of  the  tubule.  In  addition,  the  sporozoites  are  contained  in  a  very 
distinct  spore,  having  a  definite  membrane,  while  there  is  no  such 
structure  surrounding  the  segments  of  the  ring  form.  When  the 
ring  divides,  the  resulting  segments  are  all  apparently  set  free  in  the 
remains  of  the  epithelial  host  cell  and  eventually  in  the  lumen  of 
the  tubule  when  this  cell  ruptures.  The  ring  segments  seem  to  be 
identical  with  still  another  stage  of  the  parasite  about  to  be  de- 
scribed and  may  represent  its  earliest  and  youngest  form. 

Hyaline  Forms, — Figs.  11  to  16  illustrate  a  single  stage  of  the  para- 
site which  from  its  appearance  and  staining  character  is  evidently 
one  of  the  segments  of  the  ring  form.  It  is  very  small,  measuring 
from  5  to  8  /i  in  length  and  3  to  5  /i  in  breadth,  and  is  oval  or  ovoid 
in  shape.  The  cytoplasm  is  non-granular,  extremely  refractile, 
hyaline,  and  stains  pink  with  hematoxylin  and  eosin,  or  Giemsa's 
stain.  It  contains  a  relatively  large  clear-cut  mass  of  dark  blue 
staining  chromatin  placed  towards  one  end  of  the  parasite.  At  the 
opposite  pole  a  small  clear  non-staining  area  may  be  seen,  as  in 
Fig.  12.  In  the  section  from  which  Fig.  11  was  taken  this  clear  area 
is  visible,  but  it  is  very  small  and  barely  shows  in  the  photograph. 
This  stage  measures  3  by  5.5  to  7  /z.  It  may  be  extra-  or  intracellular, 
as  shown  in  the  illustrations.  In  Fig.  12  it  apparently  is  about  to 
enter  an  epithelial  cell  of  a  renal  tubule.  In  Fig.  11  it  is  clearly 
intracellular  and  surrounded  by  a  vacuole.    The  nucleus  of  the  host 
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cell  is  immediately  below  the  parasite.  The  epithelial  cell  opposite 
the  parasite  on  the  other  side  of  the  renal  tubule  contains  an  ovoid 
inclusion  which  is  probably  a  similar  parasitic  body,  although  the 
mass  of  chromatin  is  not  seen  in  the  section.  The  cytoplasm  of  the 
two  cellular  inclusions  is  identical. 

In  Fig.  13  another  intracellular  parasite  is  seen  and  here  the  chroma- 
tin has  divided  into  two  distinct  parts.  The  parasite  itself  measures 
5  by  7  /i.  The  host  cell  has  become  enormously  enlarged  and  pro- 
trudes into  the  Imnen  of  the  tubule.  Fig.  14  shows  a  further  division 
of  the  chromatin  into  four  distinct  segments.  This  parasite  is  also 
intracellular,  but  in  order  to  bring  the  chromatin  into  focus  for  the 
photography  the  epithelial  cell  outlines  are  not  seen.  Just  below 
this  parasite  is  another  smaller  intracellular  form  similar  to  those 
shown  in  Figs.  11  and  12,  with  only  one  chromatin  mass. 

Sckizogonic  Cycle. — Fig.  17  illustrates  a  spherical  form  which  we 
are  inclined  to  believe  represents  the  schizogony  of  the  parasite.  It 
it  comparatively  large — ^measuring  22  pi  in  diameter,  and  is  composed 
of  a  large  number  (thirty  to  forty)  of  tiny  fusiform  bodies  or  mero- 
zoites  enclosed  in  a  rather  indistinct  and  apparently  very  thin  mem- 
brane. It  does  not  appear  to  be  enclosed  in  an  epithelial  cell,  but 
is  extracellular  and  free  in  the  lumen  of  the  renal  tubule.  The  mero- 
zoites  in  longitudinal  section  measure  1.5  by  7  to  8  /i.  Their  cyto- 
plasm stains  pink  with  hematoxylin  and  eosin,  and  each  contains  a 
tiny  dot  of  chromatin.  These  small  falciform  bodies  are  extremely 
similar  to  the  sporozoites  described  above.  The  general  appearance 
of  this  large  form  suggests  its  similarity,  if  not  identity  with  the 
glomerular  body  of  KlossieUa  muris,  which  Smith  and  Johnson  in- 
terpret as  the  schizogony  of  the  mouse  parasite.  We  have  not  found 
this  form  in  the  capsular  space  of  the  glomeruli  but  in  the  convoluted 
tubules  of  the  first  order.  It  is  not  a  common  stage  and  we  have 
foimd  it  in  only  one  kidney. 

Pathological  Changes  in  the  Kidneys  of  Guinea  Pigs  Associated  with 

the  Parasitic  Infection. 

The  kidneys  of  guinea  pigs  infected  with  the  parasite  show  cer- 
tain pathological  changes  of  a  chronic  nature  which  we  are  inclined 
to  attribute  to  the  presence  of  the  organism.    They  have  been  found 
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in  all  cases  in  which  the  parasite  has  been  seen,  and  in  several  instances 
where  these  lesions  were  observed  the  infection  was  very  light,  and 
the  parasite  was  foimd  only  after  a  thorough  search. 

The  lesions  which  we  think  are  caused  by  the  parasite  consist  in 
an  irregular  accumulation  of  fibroblasts  and  small  round  cells  about 
the  base  of  some  of  the  glomeruli.  Both  the  distribution  and  arrange- 
ment of  this  infiltration  are  very  irregular  (Figs.  18  to  21).  In  a 
single  microscopic  field  one  or  two  glomeruli  may  be  affected  in  this 
manner,  while  the  adjacent  glomeruli  are  normal  in  appearance. 
Moreover,  the  extent  of  the  infiltration  varies  considerably.  Some 
glomeruli  have  only  a  slight  accumulation  of  round  cells  about  their 
base,  others  are  almost  obliterated,  as  in  Figs.  18, 20,  and  21.  Usually 
there  seem  to  be  relatively  more  cells  of  the  small  roimd  mononu- 
clear type  than  fibroblasts.  The  fibroblasts  themselves  are  appar- 
ently not  young  cells. 

These  cellular  accumulations  seem  to  be  fairly  well  confined  to 
the  immediate  vicinity  of  the  glomeruli.  In  certain  instances,  how- 
ever, the  round  cells  and  fibroblasts  extend  outward  to  a  limited 
degree  into  the  labyrinthine  tissue  and  along  the  medullary  rays 
between  the  tubules,  but  in  these  cases  the  connection  between  this 
extension  and  the  accumulation  of  similar  cells  about  the  neighbor- 
ing glomeruli  can  be  easily  traced. 

There  seems  to  be  no  reaction  of  the  kidney  tissue  in  the  immediate 
vidnity  of  the  parasite  itself,  that  is,  in  the  inner  half  of  the  cortex 
where  we  have  found  the  parasite  to  be  most  numerous.  Here  one 
may  see  half  a  dozen  consecutive  tubules  filled  with  parasites  and  eight 
or  ten  epithelial  cells  containing  ring  forms,  yet  there  is  apparently 
no  abnormality  in  the  inunediate  interstitial  connective  tissue.  The 
glomeruli,  however,  just  above  these  infected  tubules  show  a  more 
or  less  extensive  infiltration  of  round  cells  and  fibroblasts.  The 
portion  of  medulla  just  below  the  infected  tubule  shows  no  appreciable 
change.  No  gross  changes  in  the  kidne3rs  referable  to  the  renal  para- 
site have  been  noted. 

DISCUSSION. 

The  description  of  the  various  stages  of  the  parasite  found  in 
the  kidney  of  the  guinea  pig  has  been  arranged  so  as  to  relate,  tenta- 
tively at  least,  those  forms  which  seem  to  belong  to  the  same  cycles 
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of  development.  Certainly  two  different  cycles  of  development  have 
been  observed.  The  exact  interpretation  of  the  cycles  must  be  more 
or  less  hypothetical,  since  there  is  an  obvious  lack  of  knowledge  of 
all  the  stages  in  the  evolution  of  the  parasite. 

The  first  cycle,  described  under  the  sporozoites  is  similar  to  the 
so  called  sporoblast  stage  of  KlossieUa  tnuris  and  is  evidently  similar 
to  the  stage  described  by  Seidelin.  However,  we  have  never  seen 
more  than  twelve  daughter  sporoblasts,  and  usually  only  eight  to 
ten  resulting  from  the  first  division  of  the  mother  or  pan  sporoblast 
form,  while  Seidelin  gives  sixteen  to  twenty  as  the  probable  nimiber. 
This  discrepancy,  if  the  two  parasites  are  identical,  can  probably 
only  be  settled  by  the  study  of  fresh  material  or  an  extensive 
series  of  sections.  In  the  second  division,  into  sporozoites,  we  have 
never  observed  more  than  twelve,  each  sporozoite  measuring  1  by 
4  to  5  /i.  Seidelin  describes  thirty  sporozoites,  each  measuring  1.5 
by  8  /i.  If  this  difference  in  the  number  of  sporozoites  continues 
to  hold  after  the  study  of  fresh  tissue,  we  shall  be  inclined  to  believe 
that  the  two  parasites  belong  to  different  species. 

That  this  cycle  of  the  parasitic  development  represents  the  sporo- 
blast phase  is  strongly  suggested  by  the  fact  that  the  si>orozoites 
are  confined  in  what  is  apparently  a  typical  spK>re.  We  have  never 
seen  these  spore-Uke  bodies  breaking  up  in  the  limien  of  the  kidney 
tubules,  and  it  is  probable  that  the  spores  containing  the  sporozoites 
are  excreted  in  the  urine,  which  is  afterwards  swallowed  by  the  same 
or  other  guinea  pigs,  and  that  the  spore  membrane  is  digested  away 
by  the  gastric  juice,  thus  freeing  the  sporozoites.  The  extremely 
small  size  and  fusiform  shape  of  these  tiny  bodies  would  doubtless 
enable  them  to  pass  through  the  gastric  or  intestinal  mucosa  into  the 
blood  stream  and  so  into  the  kidney.  On  the  other  hand,  we  have 
never  seen  any  sporozoites  in  the  glomerular  tuft  or  capsular  space. 

The  ring  forms  are  not  numerous,  but  they  are  easily  found  in 
heavily  infected  kidneys.  They  differ  markedly  from  any  stages  of 
the  sporoblast  cycle  and  do  not  app>ear  to  be  an  integral  part  of  it. 
It  is  easy  to  differentiate  between  a  mother  sporoblast,  for  instance, 
and  a  ring  form  seen  from  the  outside,  or  cut  on  a  tangent,  so  that  the 
annular  appearance  is  not  seen.  Moreover,  the  resulting  division  or 
segments  of  the  two  forms  are  apparently  very  dissimilar.     The 
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sporozoites  are  slender  fusiform  bodies,  1  by  4  /x,  with  a  tiny  dot  of 
chromatin;  the  ring  segments  are  oval  or  ovoid,  3  by  5  to  7  /x,  with 
a  relatively  large  mass  of  chromatin.  The  ring  segments  are  appar- 
ently identical  with  the  small  hyaline  forms  seen  free  in  the  lumen  of 
the  renal  tubules  or  in  the  epithelial  cells,  and  there  is  nothing  in  the 
nature  of  a  spore  membrane  about  the  dividing  ring  to  prevent  their 
escape  into  the  tubules  when  the  ring  completely  segments.  The 
final  interpretation  is,  of  course,  one  of  conjecture  only,  but  the  cycle 
is  strongly  suggestive  of  a  sexual  phase.  The  comparatively  large 
number  of  ring  segments  or  hyaline  forms  suggests  further  that  they 
may  be  the  microgametes,  and  that  the  ring  form  may  be  the  micro- 
gametocyte.  We  have  not  seen  any  bodies  which  we  could  interpret 
as  macrogametes,  or  any  process  of  fertilization  or  conjugation,  un- 
less Fig.  16  represents  this  phase. 

Smith  and  Johnson  describe  in  the  sporoblast  stage  of  Klossiella 
muris  a  budding  process  in  which  the  chromatin  occupies  the  pe- 
riphery of  the  budding  masses.  One  might  think  that  the  ring  form  is 
simply  a  cross  section  of  some  of  these  buds  of  the  mother  sporoblast. 
But  the  ring  form  possesses  not  only  a  different  type  of  protoplasm 
from  the  mother  or  daughter  sporoblast,  but  in  addition  its  segments 
are  totally  imlike  either  the  daughter  sporoblasts  on  the  one  hand  or 
the  sporozoites  on  the  other. 

The  asexual  or  schizogonic  cycle  is  apparently  represented  by  the 
large  extracellular  segmenting  form  seen  in  Fig.  17.  It  resembles 
the  glomerular  body  described  by  Smith  and  Johnson  and  interpre- 
ted by  them  as  the  schizogonic  form.  We  have  not  seen  it  in  the 
glomerular  space,  but  only  in  the  convoluted  tubules  and  its  scarcity 
may  be  tentatively  explained  on  the  assumption  that  such  a  stage 
is  present  only  in  early  and  light  infections.  Later,  apparently,  the 
sporoblast  cycle  may  supersede  the  schizogony,  for  this  cycle  only 
has  been  detected  in  our  specimens  of  heavily  infected  kidneys. 
Its  extremely  large  size  and  the  great  ntunber  of  its  segments  or  divi- 
sions preclude  its  belonging  to  either  the  sporoblast  or  ring  cycles. 
Moreover,  its  situation  free  in  the  convoluted  tubules  is  one  of  the 
locations  where  one  would  expect  to  find  the  development  of  such  a 
stage,  if,  as  we  have  already  suggested,  the  infecting  sporozoites  find 
their  way  into  the  kidney  by  the  blood  stream.    The  merozoites  or 
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segments  of  this  large  body  are  similar  to  the  sporozoites,  the  final 
divisions  of  the  sporoblast  cycle.  The  conspicuous  difference  be- 
tween the  two  stages  of  segmentation,  aside  from  the  difference  in 
their  number,  is  that  the  sporozoites  are  enclosed  in  a  definite  spore 
membrane,  while  the  existence  of  a  membrane  surrounding  the  mero- 
zoite  is  problematical.  In  the  specimens  we  have  seen  there  is  a 
very  indistinct  membrane,  which,  as  in  Fig.  17,  is  apparently  rup- 
tured, allowing  the  escape  of  the  merozoites  into  the  renal  tubules. 

Seidelin  found  no  glomerular  bodies  as  described  by  Smith  and 
Johnson  for  KlossieUa  muris,  but  he  considers  that  some  of  his  tubu- 
lar forms  appear  identical  with  the  glomerular  forms  depicted  by 
them.  Unfortunately,  Seidelin  gives  no  illustration  of  this  particu- 
lar tubular  form,  so  that  we  are  unable  to  compare  satisfactorily  the 
two  apparently  coiresponding  stages.  Seidelin  is  inclined  to  the 
opinion  that  these  tubular  forms  represent  the  schizogony.  Smith 
and  Johnson  think  that  their  glomerular  body  is  the  schizogony  for 
Klosiella  muris  and  that  the  tubular  fonns  are  stages  in  the  sporo- 
blast cycle. 

The  pathological  changes  in  the  kidney  of  guinea  pigs  which  we  as- 
sociate with  the  presence  of  this  parasite  are  slight  but  definite  and 
consist  of  an  irregular  accumulation  of  round  cells  and  fibroblasts 
about  some  of  the  glomeruli.  There  is  but  slight  involvement  of  the 
labyrinthine  tissue  adjacent  to  the  glomeruli  and  apparently  none 
at  all  in  the  lower  or  inner  half  of  the  cortex  where  the  majority  of 
the  parasites  are  foimd.  This  may  be  due  to  the  fact  that  the  in- 
fecting sporozoites  enter  the  kidney  by  way  of  the  glomerular  capil- 
laries and  that  here  the  most  serious  injiuy  to  the  kidney  occurs, 
with  a  subsequent  infiltration  of  round  cells  and  fibroblasts. 

SUMMAHY. 

We  have  found  in  the  kidneys  of  twelve  supposedly  normal  guinea 
pigs,  coming  from  Pennsylvania  and  New  Jersey,  a  parasite  that 
closely  resembles  in  some  of  its  phases  KlossieUa  tnuriSy  described  by 
Smith  and  Johnson,  and  the  renal  parasite  of  two  West  African 
guinea  pigs,  described  by  Seidelin. 

The  forms  most  commonly  found  by  us  and  described  as  the 
sporoblast  cycle,  are  evidently  similar  to  those  described  by  Smith 


L0X7ISE  PEARCE  441 

and  Johnson  and  by  Seidelin.  There  are  certain  discrepancies  of 
measurement  between  the  parasite  described  by  Seidelin  and  the 
one  here  described,  but  the  most  important  difference  between  the 
two  is  the  different  number  of  sporozoites  resulting  from  a  final  di- 
vision of  the  daughter  sporoblasts.  Seidelin  has  found  thirty  sporo- 
zoites; we  have  found  from  eight  to  twelve,  while  the  usual  niunber 
is  eight.  Further,  we  have  foimd  a  ring  form  which  is  unlike  any 
of  the  stages  in  either  the  sporoblast  or  schizogonic  cycle,  and  which 
we  interpret  tentatively  as  the  male  element  or  microgamete.  In 
addition,  we  have  found  a  tubular  form  which  resembles  the  glomeru- 
lar body  of  KlossieUa  muris  and  which  we  think  is  the  schizogonic 
phase  of  this  parasite. 

EXPLANATION  OF  PLATES. 

The  illustrations  are  all  from  untouched  microphotographs  except  Fig.  8, 
which  is  a  drawing  of  an  actual  microscopic  field.  All  the  specimens  except 
Fig.  17  are  from  2^enker  fixed  tissue. 

Plate  63. 

Fig.  1.  Renal  tubules  showing  a  heavy  parasitic  infection  in  different  stages, 
the  majority  being  daughter  sporoblasts.    Hematoxylin  and  eosin.     X  675. 

Fig.  2.  Eight  daughter  sporoblasts  enclosed  in  an  epithelial  cell  of  a  convoluted 
tubule.    Hematoxylin  and  eosin.     X  1,000. 

Fig.  3.  Three  spores  containing  seven  to  nine  sporozoites.  Note  the  distinct 
spore  membrane.    Hematoxylin  and  eosin.     X  1,000. 

Plate  64. 

Fig.  4.  Mother  sporoblast  enclosed  in  an  epithelial  cell.  The  cell  outline  is 
not  distinct  in  the  photograph.    Giemsa's  stain.     X  1,000. 

Fig.  5.  Glomerulus  containing  a  single  parasite,  probably  a  young  mother 
sporoblast  in  the  capsular  space.    Hematoxylin  and  eosin.     X  1,000. 

Fig.  6.  Three  greatly  enlarged  epithelial  cells,  two  containing  mother  sporo- 
blasts, the  third  in  the  center  containing  eleven  daughter  sporoblasts.  Hema- 
toxylin and  eosin.     X  1,000. 

Plate  65. 

Fig.  7.  Two  ring  forms  in  adjoining  tubules,  each  enclosed  in  an  enlarged 
epithelial  cell.  The  ring  to  the  right  shows  ten  divisions.  Hematoxylin  and 
eosin.     X  1,000. 

Fig.  8.  Two  ring  forms  in  distended  epithelial  cells;  the  lower  form  is  seen  from 
the  outside.    Hematoxylin  and  eosin.     X  1,000. 
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Plate  66. 

Fig.  9.  Two  ring  bodies  and  several  daughter  sporoblasts.  The  ring  body 
on  the  left  is  a  tangential  section  through  the  edge  of  a  hollow  sphere.  Methylene 
blue  and  eosin.     X  1,000. 

Fig.  10.  The  same  field  as  in  Fig.  9,  but  at  a  lower  level,  showing  that  the  ao 
called  ring  body  is  a  section  through  a  hollow  sphere.  Methylene  blue  and  eosin. 
X  1,000. 

Plate  67. 

Fig.  1 1 .  Two  intracellidar  hyaline  forms,  the  one  to  the  right  showing  chromatin. 
Hematoxylin  and  eosin.     X  1,000. 

Fig.  12.  An  extracellular  spindle-shaped  hyaline  body  showing  the  chromatin 
mass  at  one  pole  and  a  clear  non-staining  area  at  the  opposite  pole.  One  extrem- 
ity of  this  h3raline  form  is  in  the  protoplasm  of  an  epithelial  cell.  Hematoxylin 
and  eosin.     X  1,000. 

Fig.  13.  An  intracellular  hyaline  form  in  an  enlarged  epithelial  cell.  The 
chromatin  has  divided  into  two  masses.  The  parasite  is  in  a  vacuole  in  the 
host  cell.    Hematoxylin  and  eosin.     X  1,000. 

Fig.  14.  Two  intracellular  hyaline  forms;  the  chromatin  of  the  upper  parasite 
has  divided  into  four  masses.    Giemsa's  stain.     X  1,000. 

Plate  68. 

Fig.  15.  Two  small  intracellular  hyaline  forms.    Giemsa's  stain.     X  1,000. 

Fig.  16.  Two  intracellular  hyaline  bodies.  The  larger  one  shows  two  elon- 
gated chromatin  masses.  The  smaller  parasite  to  the  left  is  at  a  level  which  shows 
no  chromatin.    Giemsa's  stain.     X  1,000. 

Fig.  17.  A  schizogonic  form  showing  thirty  to  forty  merozoites.  This  body 
is  free  in  the  tubule  and  has  no  definite  membrane  surrounding  it.  Taken  from 
a  frozen  section  fixed  in  10  per  cent  formalin.    Hematoxylin  and  eosin.      X  1,000. 

Plate  69. 

Fig.  18.  Irregular  cellular  infiltrations,  especially  about  the  base  of  some  of  the 
glomeruli.    Hematoxylin  and  eosin.     X  125. 

Fig.  19.  Three  glomeruli  showing  very  slight  cellular  infiltration  about  the 
base.    Two  glomeruli  show  no  such  infiltration.    Hematoxylin  and  eosin.     X  210. 

Plate  70. 

Fig.  20.  The  two  lower  glomeruli  show  a  slight  irregular  accumulation  of  round 
cells  and  fibroblasts.    The  upper  glomeruli  are  normal.    Hematoxylin  and  eosin 
X  210. 

Fig.  21.  The  two  glomeruli  to  the  right  show  a  fairly  extensive  accumulation 
of  round  cells  and  fibroblasts  with  an  irregular  extension  into  the  labjrrinth.  The 
glomeruli  to  the  left  are  practically  normal.    Hematoxylin  and  eosin.     X  210. 
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CHEMOPATHOLOGICAL  STUDIES  WITH  COMPOUNDS  OF 

ARSENIC. 

IV.    The  Character  and  Distribution  of  Renal  Injury  Pro- 
duced BY  ArSENICALS  as  INDICATED  BY  THE  PROCESSES 

OP  Repair. 

By  LOUISE  PEARCE,  M.D.,  and  WADE  H.  BROWN,  M  J). 
{Prom  the  Laboratories  of  The  Rockefeller  Institute  for  Medical  Research,) 

Plates  71  to  76. 

(Received  for  publication,  January  31,  1916.) 

In  previous  papers^  attention  was  directed  to  some  of  the  striking 
di£ferences  in  the  gross  and  histological  changes  produced  in  the 
kidneys  of  dogs  by  lethal  doses  of  certain  compounds  of  arsenic. 
Upon  the  basis  of  these  observations  it  was  pointed  out  that  arseni- 
cals  could  produce  a  so  called  tubular  as  well  as  a  vascular  injury  of 
the  kidney  and  that  innimierable  combinations  of  these  two  fimda- 
mental  forms  of  tissue  injury  were  obtainable  through  the  use  of 
arsenical  compoimds  of  different  chemical  constitution. 

In  order  to  obtain  additional  information  as  to  the  character  and 
location  of  the  specific  renal  injury  produced  by  these  arsenicals,  as 
well  as  a  knowledge  of  the  subsequent  processes  of  organic  repair, 
we  have  extended  our  experiments  to  a  study  of  tissue  changes  in  the 
kidneys  of  animals  given  sublethal  doses  of  these  substances. 

EXPERIMENTAL. 

In  the  following  experiments  guinea  pigs  were  used,  as  in  our  experi- 
ence the  kidneys  of  these  animals  are  as  free  from  spontaneous  lesions 
as  those  of  any  animal  available  for  the  purpose.  However,  it  should 
be  mentioned  in  this  connection  that  in  the  kidneys  of  some  guinea 
pigs  we  have  found  certain  pathological  changes  that  seem  to  be  assod- 
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add  reveals  characteristic  changes  that  dififerentiate  them  rather 
sharply  from  those  of  arsenious.add.  In  the  inner  half  of  the  cortex 
and  in  the  boundary  zone  there  is  a  considerable  amomit  of  young 
fibroblastic  (connective)  tissue  extending  for  the  most  part  along  the 
medullary  rays,  but  also  invading  the  labjrrinth  to  an  appreciable 
degree.  Some  of  the  straight  and  convoluted  tubules  in  these  areas 
are  compressed,  but  many  more  are  dilated  and  may  contain  a  granu- 
lar predpitate  (Fig.  2).  The  epithelium  of  some  of  these  tubules 
shows  degeneration  and  is  flattened  and  cuboidal  in  type.  In  others 
it  is  basophilic  and  evidently  of  recent  formation.  Occasionally 
mitoses  are  seen.  A  few  of  the  tubules  in  these  areas  appear  as  more 
or  less  solid  cords  of  recently  formed  epithelial  cells,  which  stain  an 
intense  blue  with  hematoxylin.  The  glomeruli  in  the  kidneys  of  this 
series  are  practically  normal. 

TABLE  n. 
Arsenic  Acid, 


No. 

Day  of  experiment  and  dose  of  drug  in  mg.  per  kilo  of 

body  weight. 

Doses. 

Days 
survived. 

Termina- 
tion. 

1 

2 

3 

5 

6 

8 

10 

2 

2 

4 

4 

10 

10 

5 

13 

KUled. 

3 

8 

1 

6 

f( 

6 

10 

.    10 

10 

3 

7 

u 

In  Guinea  Pig  2  (Table  II),  which  received  five  doses  of  arsenic 
add  and  survived  13  days,  many  of  the  blood  vessels  in  the  boundary 
zone  are  somewhat  thickened.  In  certain  glomeruli  some  of  the 
capillary  walls  are  apparently  thickened  also,  but  this  is  such  an  irreg- 
ular finding  and  one  that  may  be  so  variously  interpreted  that  we 
hesitate  to  lay  much  emphasis  upon  it.  The  fibroblastic  prolifera- 
tion in  the  inner  cortex  and  boimdary  zone  is  quite  characteristic  in 
this  animal  (Fig.  2).  The  amoimt  of  connective  tissue  proliferation 
in  Guinea  Pig  3  is  less  than  in  Guinea  Pig  2,  but  the  location  and 
arrangement  is  the  same.  In  Guinea  Pig  6,  on  the  other  hand,  there 
is  slightly  more  connective  tissue  than  in  Guinea  Pig  2,  which  may  be 
due  to  the  fact  that  Guinea  Pig  6  survived  the  administration  of  three 
comparatively  large  doses  of  arsenic  add  for  7  days. 
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In  contrasting  arsenious  and  arsenic  acid,  which  resemble  each  other 
so  closely  in  the  character  of  the  acute  renal  lesion,  it  appears  that 
there  are  distinct  differences  in  their  action  which  are  revealed  in  the 
process  of  repair.  With  arsenious  acid,  proliferative  changes  are  al- 
most wanting  and  are  practically  exclusively  confined  to  the  slight 
increase  in  nuclei  of  the  glomerular  tuft  and  to  slight  fibroblastic 
accumulation  about  the  base  of  the  glomeruli.  With  arsenic  acid, 
on  the  other  hand,  proliferative  activity  of  fibroblasts  is  appreciably 
more  marked,  and  is  associated  with  distortion  of  the  tubules  espe- 
cially in  the  inner  half  of  the  cortex  and  boundary  zone  and  with  dis- 
tinct (although  slight)  regeneration  of  tubular  epithelium. 


Sodium  CacodylcUe. 

TABLE  in. 
Sodium  CacodyUUe. 


Animal  No. 

Day  of  experiment  and  dose  of  drug  in  mg.  per 
kilo  of  body  weight. 

Doses. 

Day* 
survived. 

Termination. 

1 

2 

5 

6 

2 

3 
4 
5 
6 

50 
400 

700 
700 
500 

100 
500 

1,000 
700 

1,000 

3 
2 
1 
2 
2 

7 
6 
2 
6 
3 

Died. 
tt 

KiUed. 
Died. 

The  kidneys  of  guinea  pigs  poisoned  with  lethal  doses  of  sodiiun 
cacodylate  belong  to  the  red  type  and  resemble  those  of  arsenious 
and  arsenic  add.  In  the  kidneys  of  guinea  pigs  which  have  survived 
2  to  7  days,  as  is  shown  in  Table  III,  we  find  practically  the  same 
slight  proliferative  activity  that  was  observed  in  the  animals  which 
received  sublethal  doses  of  arsenious  acid.  There  are  occasional 
small  accumulations  of  fibroblasts  and  round  cells  about  the  glomeruli, 
along  the  medullary  rays,  and  in  the  boundary  zone  (Fig.  4).  In  some 
of  the  glomerular  tufts  there  is  a  distinct  increase  in  leukocytes  of  the 
endothelial  type.  There  is  nothing  comparable  to  the  fibroblastic 
proliferation  with  consequent  distortion  of  tubules  that  was  com- 
paratively conspicuous  In  the  animals  poisoned  with  arsenic  add. 
However,  in  addition  to  the  accumulation  of  fibroblasts  there  is  more 
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necrosis  of  the  tubular  epithelium  than  with  either  arsenious  or 
arsenic  add,  and  mitoses  may  be  foimd  in  both  the  convoluted  and 
the  straight  tubules. 

There  is  but  little  difference,  histologically,  in  the  kidneys  of  the 
various  guinea  pigs  of  this  series  (Table  III).    In  Guinea  Pig  2  there 

» 

are  perhaps  more  and  slightly  larger  accumulations  of  fibroblasts. 
Mitoses  are  f oimd  in  the  tubular  epitheliiun  of  all  five  animals,  but 
they  are  more  numerous  in  Guinea  Pig  6. 

There  is  scarcely  any  fibroblastic  proliferation,  therefore,  in  the 
animals  poisoned  with  sublethal  doses  of  sodium  cacodylate  as  well 
as  with  arsenious  add, — ^in  this  respect  differing  from  those  poisoned 
with  arsenic  add.  But,  in  addition,  there  is  distinct  reparative 
activity  on  the  part  of  the  tubular  epithelium,  indicating  that  this 
tissue  has  been  injured  by  the  drug,  and  in  this  respect  differing 
from  guinea  pigs  poisoned  with  sublethal  doses  of  both  arsenious 
and  arsenic  adds,  in  which  the  tubular  epithelium  is  but  little 
affected. 

Salvarsan. 

We  have  but.  one  instance  in  which  a  sublethal  dose  of  salvarsan 
was  given  and  the  animal  allowed  to  live  for  more  than  24  hours. 
This  guinea  pig  recdved  150  mg.  of  the  drug  per  kilo  of  body  wdght 
and  was  killed  48  hours  after  its  administration. 

The  acute  salvarsan  kidney  is  a  red  kidney.  In  this  one  example 
of  an  early  stage  in  the  process  of  repair  the  glomeruli  are  large  and 
rather  irregular.  The  tufts  on  the  whole  are  not  shnmken  and  there 
is  an  accumulation  of  endothelial  leukocytes  in  some  of  them.  Many 
of  the  walls  of  the  tuft  capillaries  are  hyaline  and  distinctly  thick- 
ened. About  the  base  of  some  of  the  glomeruli  there  is  a  collection 
of  fibroblasts  and  roimd  cells  which  in  some  instances  extends  slightly 
outward  into  the  labyrinth  between  the  convoluted  tubules.  In  the 
boundary  zone  and  along  the  inner  portion  of  the  medullary  rays 
are  small  irregular  patches  of  young  fibroblasts  (Fig.  5),  but  there 
is'  no  distortion  of  the  tubular  structures.  The  tubular  epitheliimi  is 
markedly  degenerated  but  there  is  no  definite  epithelial  necro- 
sis, and  since  we  have  seen  no  mitoses  we  may  infer  that  the  tubular 
epithelium  was  not  seriously  injured.    It  should  be  stated  in  this 
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connection,  however,  that  this  animal  received  the  dose  of  salvarsan 
intraperitoneally  and  that  the  compound  was  absorbed  relatively 
slowly,  for  when  the  animal  was  killed  2  days  after  injection,  the 
abdominal  cavity  contained  a  quantity  of  unabsorbed  drug. 

The  evidences  of  repair,  seen  in  the  kidnejrs  of  guiuea  pigs  after 
salvarsan  injection,  are  therefore  chiefly  the  changes  in  the  glomeruli 
and  the  irregular  proliferation  of  fibroblasts  about  the  glomeruli 
and  m  the  boimdary  zone. 

Neosalvarsan. 

The  acute  neosalvarsan  kidney  resembles  those  of  arsenious  add 
and  salvarsan.  In  Guinea  Pig  1,  killed  on  the  2nd  day  of  siurvival, 
as  shown  in  Table  IV,  we  find  definite  signs  of  a  proliferative  activity 

TABLE  IV. 
Neosalvarsan, 


Animal  No. 

Day  of  eiperiment  and  dote  of 

drug  in  mg.  per  kilo  of 

body  weight. 

DOMS. 

Days  nirvived. 

Termination. 

1 

5 

1 

2 

300 
190 

500 

1 

2 

2 
6 

Killed. 
Died. 

in  the  kidney  in  addition  to  the  acute  lesion  which  is  still  present. 
About  the  base  of  the  glomeruli  are  small  accumulations  of  fibro- 
blasts and  round  cells.  In  addition  there  is  a  slight  diffuse  infiltration 
of  the  same  character  along  the  medullary  ray^  in  both  cortex  and 
medulla  which  in  some  areas  invades  the  adjacent  labyrinthine  tissue. 
The  glomeruli  themselves  are  extremely  irregular;  some  are  of  normal 
size,  while  others  are  markedly  shrunken  with  a  contracted  tuft  filling 
approximately  three-quarters  of  the  capsular  space.  The  tubular 
epitheliiun  is  considerably  degenerated  and  in  the  inner  portion  of  the 
cortex  there  is  some  individual  cell  disintegration  of  the  epithelium 
of  the  loops  of  Henle  and  a  slight  degree  of  necrosis.  A  few  mitotic 
figures  are  seen. 

The  changes  in  Guinea  Pig  2  are  of  the  same  general  character  as 
those  in  Guinea  Pig  1,    although  of  a  lesser  degree.    This  may  be 


450 


RENAL  INJURY  AND  PROCESSES  OF  REPAIR 


due  to  the  much  smaller  mitial  dose.  The  capsules  of  Bowman  and 
the  capillary  walls  of  some  of  the  glomerular  tufts  are  slightly 
hyaline  and  thickened.  There  are  small,  irregular  patches  of  fibro- 
blasts and  roimd  cells  about  the  glomeruli,  along  the  medullary  rays, 
and  in  the  boimdary  zone.  The  tubular  epitheUum  is  degenerated 
with  occasional  sUght  necrosis.    No  mitoses  are  seen. 

The  changes  in  the  process  of  repair  after  neosalvarsan  resemble 
in  general  those  after  salvarsan,  differing  only  in  the  greater  irr^- 
ularity  of  the  glomeruli  and  the  somewhat  greater  degree  of  tubular 
necrosis  which  is  most  marked  in  the  inner  portion  of  the  cortex. 
After  both  salvarsan  and  neosalvarsan  there  is  a  patchy  irregular 
proliferation  of  fibroblasts  in  the  boimdary  zone  and  cortex,  but  there 
is  no  distortion  of  the  tubules  as  with  arsenic  acid. 

Arsacetin, 


TABLE  V. 
Arsacetin. 


Day  of  experiment  and  dote  of  drug  in  mg.  per 
kilo  of  body  weight. 

DOMS. 

Daya 
aorvived. 

Termination. 

1 

5 

13 

16 

1 

2 
3 

125 
100 
300 

250 
200 

200 

200 

2 
4 

1 

6 

19 

2 

Killed. 
u 

ti 

The  kidneys  of  dogs  and  guinea  pigs  which  have  received  lethal 
doses  of  arsacetin  are  pale  and  show  a  most  extensive  tubular  necrosis 
with  a  subordinate  vascular  injury.  In  the  reaction  from  a  non- 
fatal dose  of  this  compoimd  there  is  an  exceedingly  active  and  prompt 
regeneration  of  the  epithelium,  especially  in  the  loops  of  Henle,  and 
to  a  somewhat  less  extent  in  the  convoluted  tubules  and  the  tubules 
of  the  medulla  (Figs.  6, 7,  and  8).  The  glomerular  capillaries  are  some- 
what dilated  and  there  may  be  a  slight  and  irregular  accumulation 
of  fibroblasts  and  polyblasts  about  the  base  of  the  glomeruli,  along 
the  medullary  rays,  and  in  the  boimdary  zone.  In  Guinea  Kg  3 
(Table  V),  killed  on  the  2nd  day,  there  is  already  marked  activity  of 
the  tubular  epithelium  throughout  the  cortex  and  to  a  less  extent  in 


LOUISE  PEARCE  AND  WADE  H.  BROWN  451 

the  medulla.  There  is  practically  no  vascular  alteration  and  no  fibro- 
blastic proliferation  in  this  animal.  Guinea  Pig  1  was  killed  on  the 
6th  day  after  having  received  two  doses  of  arsacetin.  The  kidney 
sections  of  this  animal  show  a  moderate  regeneration  of  the  tubular 
epithelium,  almost  exclusively  confined  to  the  loops  of  Henle  and  the 
medullary  tubules.  About  the  base  of  some  of  the  glomeruli  there  is 
a  very  slight  degree  of  fibroblastic  proliferation.  Four  moderate 
sized  doses  of  arsacetin  were  given  to  Guinea  Pig  2  in  16  days,  and 
the  animal  was  killed  on  the  19th  day  (Table  V).  In  this  animal  the 
regenerative  activity  of  the  tubular  epitheUiun  has  reached  a  remark- 
able degree.  Mitotic  figures  are  found  in  practically  every  microscopic 
field  (4  mm.  Zeiss  objective;  No.  4  ocular)  and  they  are  particidarly 
nimierous  in  the  straight  tubules  of  the  cortex  and  medulla  (Figs.  6,  7, 
and  8).  Many  of  the  tubules  along  the  medullary  rays  show  entirely 
new  epitheUiun  and  some  of  these  tubules  are  almost  solid  masses  of 
new  cells.  Degeneration  with  some  necrosis  and  desquamation  of 
cells  is  still  present  in  some  of  the  convoluted  tubules  and  limbs  of 
Henle  and  there  are  many  hyaline  casts  in  the  boimdary  zone  and 
medulla.  In  the  boundary  zone,  along  the  medullary  rays,  and  about 
the  base  of  some  of  the  glomeruli  there  is  a  rather  diffuse  proliferation 
of  fibroblasts  and  infiltration  of  polyblasts  which  irregularly  invade 
the  labyrinth  in  some  areas.  Several  of  the  renal  tubules  of  this 
animal  contain  the  parasite  which  we  have  referred  to  and  which 
must  be  taken  into  consideration  in  interpreting  the  proliferative 
changes  about  the  glomeruli. 

Atoyxl. 

The  acute  lesion  in  the  kidneys  of  dogs  and  guinea  pigs  poisoned 
with  lethal  amoimts  of  atoxyl  is  predominantly  tubular,  but  the  vas- 
cular changes  are  by  no  means  inconspicuous.  In  guinea  pigs  which 
have  received  sublethal  doses  of  atoxyl,  there  is  a  rapid  attempt  at 
regeneration  of  the  tubular  epithelium  which  is  shown  in  both  animals 
of  this  series  (Table  VI).  Many  of  the  straight  tubules  are  dilated 
and  lined  with  low  cuboidal  basophilic  staining  cells  (Fig.  9),  and 
there  are  numerous  mitoses  in  both  cortical  and  medullary  epithelium 
(Figs.  9,  10,  and  11).    There  is  a  well  marked  leukocytic  exudate 
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in  the  interstitial  tissue  as  well  as  in  some  of  the  tubules  of  Guinea 
Pig  3  (Fig.  1 1) ;  it  is  less  prominent  in  Guinea  Pig  1 .  In  addition  to  the 
marked  epithelial  necrosis  with  regeneration  and  the  cellular  exudate 
caused  by  the  injection  of  atoxyl,  there  is  a  definite  fibroblastic 
proliferation  along  the  medullary  rays,  in  the  boundary  zone,  and 
in  the  upper  medulla  (Figs.  11  and  12). 

The  territorial  distribution  of  fibrosblastic  proliferation  in  Guinea 
Pig  3  corresponds  with  that  in  Guinea  Pig  1.  The  process,  however, 
is  distinctly  more  pronoimced,  as  might  be  expected,  the  animal 
having  received  three  doses  of  atoxyl  in  8  days.  The  fibroblasts  are 
somewhat  diffusely  distributed  throughout  the  lower  edge  of  the 
cortex,  and  along  the  boundary  zone  and  upper  medulla.  Some  of 
the  tubules  in  the  area  of  fibroblastic  proliferation  are  compressed. 


TABLE  VI. 

Atoxyl. 


Animal  No. 

Da^  of  experiment  and  dose  of  drug 
m  mg.  per  kilo  of  body  weight. 

DOMS. 

Days  survived. 

Termination. 

1 

2 

5 

1 
3 

100 
50 

SO 

50 

1 

3 

3 
8 

Killed. 

while  others  are  slightly  dilated  (Figs.  9  and  12).  The  glomeruli 
are  irregular  in  both  animals.  Some  are  quite  large,  others  are 
shrunken.  Many  of  the  tuft  capillaries  are  dilated  and  the  walls 
moderately  thickened.  About  the  base  of  the  glomeruli  are  slight 
fibroblastic  accimiulations  which  in  a  few  areas  invade  the  adjacent 
labyrinth. 

The  process  of  repair  in  the  kidneys  of  guinea  pigs  poisoned  with 
sublethal  doses  of  atoxyl  resembles  that  of  arsacetin  in  the  prompt 
and  marked  regeneration  of  tubular  epitheliimi.  Moreover,  there 
is  a  definite  proliferation  of  fibroblasts  which  recalls  the  changes 
caused  by  arsenic  add,  and  in  addition  there  is  a  well  marked  exuda- 
tion of  polymorphonuclear  leukocytes  into  the  interstitial  tissue 
and  tubules. 
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A  rsenophenylglycine. 

Arsenophenylglydne  acts  somewhat  differently  in  guinea  pigs 
and  in  dogs.  With  lethal  amounts  of  the  drug  the  kidnejrs  of  dogs  and 
guinea  pigs  are  both  pale,  with  a  predominant  tubular  necrosis  and 
a  relatively  subordinate  vascular  injury.  In  the  guinea  pig,  however, 
after  a  comparable  sublethal  dose  of  the  compound  there  is  but  lit- 
tle tubular  necrosis  and  but  slight  vascular  injury.  Consequently, 
after  such  a  dose  of  arsenophenylglycine  the  process  of  repair  in  the 
kidney  consists  only  in  recovery  from  a  parenchymatous  and  fatty 
degeneration  of  the  tubular  epithelium  with  now  and  then  a  mitotic 
figure. 

TABLE  vn. 

Arsenophenylglycine. 


Animal  No. 

Day  of  experiment  and  dose  of 

drug  in  mg.  per  kilo  of 

body  weight. 

Doaea. 

Daya  aurvived. 

Termination. 

1 

5 

1 

250 

1 

2 

KiUed. 

2 

250 

1 

5 

« 

3 

100 

50 

2 

6 

Died. 

4 

400 

1 

3 

KiUed. 

5 

300 

300 

2 

6 

Died. 

6 

500 

1 

4 

Killed. 

Such  a  course  of  events  is  followed  after  a  single  or  a  repeated 
sublethal  dose  (Table  VII).  In  Guinea  Pig  1,  for  instance,  killed 
on  the  2nd  day,  degeneration  of  tubular  epithelium  is  marked,  but 
there  is  practically  no  cell  necrosis,  and  no  mitotic  figures  are  seen. 
Guinea  Pig  2  received  the  same  amount  of  arsenophenylglycine  as 
Guinea  Pig  1,  but  was  not  killed  until  the  5  th  day.  The  epithelial 
changes  in  the  two  animals  are  almost  identical.  In  Guinea  Pig 
2  there  is  an  increase  of  tuft  nuclei,  mostly  of  the  polymorphonu- 
clear variety,  and  about  the  base  of  some  of  the  glomeruli  are  slight 
accumulations  of  fibroblasts.  Guinea  Pig  3  received  two  small  doses 
of  the  compoimd,  and  the  alterations  here  are  much  the  same  as  in 
the  first  two  animals.    The  leukocytic  cells  infiltrating  the  glomerular 
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tuft  are  mostly  eosinophilic;  there  is  a  very  irr^;ular  thickening  of  the 
wall  of  the  glomerular  capillaries  and  an  extremely  irregular  and 
slight  distribution  of  round  cells  and  fibroblasts  about  the  base  of 
some  of  the  glomeruli,  along  the  straight  vessels,  and  in  the  laby- 
rinth. The  tubular  epithelium  is  swollen  and  granular  and  there 
is  some  necrosis  of  a  disintegrative  character  in  the  epitheliiun  of  the 
outer  cortex.    An  occasional  mitotic  figure  is  seen. 

The  acute  changes  in  the  kidneys  of  guinea  pigs  after  sublethal 
doses  of  arsenophenylglycine  consist  almost  entirely  of  parenchyma- 
tous and  fatty  degeneration  of  the  tubular  epithelium  with  but  little 
cell  necrosis,  differing  in  this  respect  from  a  similar  sublethal  injury 
in  the  kidneys  of  dogs.  The  processes  of  repair  after  such  an  injury 
are,  therefore,  comparatively  simple  and  do  not  involve  any  appre- 
ciable degree  of  cell  regeneration.  There  is  only  a  slight  and  very 
irregular  interstitial  fibroblastic  proliferation. 

DISCUSSION. 

A  study  of  the  processes  of  repair  in  the  kidneys  of  guinea  pigs 
poisoned  with  sublethal  doses  of  certain  arsenical  compounds  fur- 
nishes additional  information  as  to  the  character  and  location  of  the 
acute  injury.  The  idea,  which  we  have  previously  suggested,  namely, 
that  all  arsenicals  do  not  produce  a  purely  vascular  type  of  renal  in- 
jury, is  further  substantiated  by  this  series  of  experiments  in  which 
the  regeneration  of  tubular  epithelium  plays  a  relatively  conspicuous 
part.  The  participation  of  the  epithelial  tissue,  however,  is  by  no 
means  the  dominant  feature  in  the  recovery  after  sublethal  doses 
of  all  arsenical  compounds,  but  only  after  certain  particular  ones. 
In  others,  the  acute  injury  is  mainly  vascular,  and  the  reaction  of 
the  epithelial  structures  is  but  slight.  Further,  the  interstitial 
proliferation  of  fibroblasts  which  occurs  in  a  marked  degree  after 
injections  of  various  arsenicals  may  be  especially  pronounced  in  the 
repair  following  a  drug  which,  in  lethal  doses,  causes  but  little  vascular 
disturbance,  as,  for  instance,  arsacetin.  Here,  the  initial  and  domi- 
nant injury  is  epithelial;  there  is  only  slight  demonstrable  alteration 
of  the  vascular  structures.  In  the  process  of  recovery,  however,  after 
the  administration  of  sublethal  doses  of  arsacetin,  there  may  be  quite 
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a  marked  proliferation  of  young  fibroblasts  diffusely  distributed 
(Table  V,  Guinea  Pig  2,  and  Fig.  8).  This  is  also  seen  in  the  repair 
of  the  kidney  following  injections  of  atoxyl,  although  here  the  picture 
is  more  complicated,  for  atoxyl  affects  the  vascular  as  well  as  the 
epithelial  tissue  of  the  kidney.  The  distribution  of  the  proliferating 
fibroblasts  after  a  more  purely  vascular  injury  such  as  that  pro- 
duced by  arsenious  or  arsenic  add  is  confined  more  sharply  to  the 
boundary  zone,  with  radiations  along  the  medullary  rajrs  to  the 
glomenili.  On  the  other  hand,  after  arsacetin,  the  fibroblastic  pro- 
liferation is  more  diffusely  distributed  throughout  the  cortex,  al- 
though it  may  be  more  numerous  in  the  boimdary  zone  and  along  the 
medullary  rays. 

Taking  all  these  observations  into  consideration,  therefore,  it  would 
seem  that  a  toxic  agent  like  arsenic,  may,  in  one  or  another  of  its 
various  combinations,  injure  the  vascular,  epithelial,  or  interstitial 
(connective)  tissue  of  the  kidney,  if  we  may  judge  of  such  an  initial 
injury  by  the  subsequent  processes  of  repair.  The  relative  dis- 
tribution and  extent  of  the  initial  injury  may  be  difficult  to  determine 
until  one  studies  various  stages  of  the  recovery  of  the  kidney,  in  which 
the  injured  tissues  are  regenerating.  This  is  particularly  true  in 
the  case  of  injury  of  the  connective  tissue  of  the  kidney. 

After  a  sublethal  dose  of  arsenious  add  which  produces  an  al- 
most pure  t3T>e  of  vascular  injury  in  the  kidneys,  the  return  to  nor- 
mal is  very  rapid  and  there  is  only  a  slight  fibroblastic  proliferation 
about  the  base  of  the  glomeruli  to  indicate  a  previous  injury.  In- 
jections of  sublethal  amoimts  of  salvarsan  also  cause  a  proliferation 
of  fibroblasts  of  a  more  interstitial  and  rather  patchy  character,  some- 
what greater  in  extent  and  amoimt  than  with  arsenious  acid.  On 
the  other  hand,  with  arsenic  add,  there  is  a  relatively  large  amount 
of  fibroblastic  proliferation,  espedally  in  the  boundary  zone,  resulting 
in  the  compression  or  dilatation  of  some  of  the  tubules,  and  in  addition 
a  slight  although  definite  regeneration  of  tubular  epitheUum.  Sodiiun 
cacodylate  in  sublethal  amounts  causes  essentially  the  same  slight 
fibroblastic  changes  seen  after  arsenious  add,  but  a  well  marked 
regeneration  of  tubular  epithelium  as  well.  With  all  these  four  com- 
pounds, arsenious  and  arsenic  add,  salvarsan,  and  sodium  cacodylate, 
there  are  slight  but  fairly  regular  glomerular  changes,  consisting  of 
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a  sligfatly  swollen  tuft  and  an  increase  in  the  tuft  nudd.  With 
neosalvaisan,  however,  the  glomeruli  are  extremely  irregular,  some 
being  very  large,  others  contracted  and  shrunken.  There  is  a  slight 
interstitial  fibroblastic  proliferation,  comparable  to  that  of  salvaisan 
and  a  slight  r^eneration  of  tubular  q>ithelium.  After  sublethal 
injections  of  atozyl,  there  is  very  marked  regenerative  activity  of 
the  tubular  epithelium,  a  leukocytic  exudate,  and  a  definite  and  rather 
diffuse  interstitial  proliferation  of  fibroblasts  with  dilatation  or  com- 
pression of  adjacent  tubules.  Following  a  sublethal  injection  of 
arsacetin,  there  is  a  conspicuous  and  prompt  regeneration  of  tubular 
epithelium  and  a  relatively  diffuse  interstitial  proliferation  of  fibro- 
blasts. Unfortunately,  we  must  omit  the  experiments  of  arsenophe- 
nylglydne  on  the  guinea  pig  in  this  consideration,  for  the  reasons 
stated  above. 

It  would  seem,  therefore,  that  arsenicals  which  produce  an  injury 
that  is  primarily  vascular  may  lead  to  only  a  slight  subsequent 
proliferation  of  tissue  (arsenious  add).  However,  other  arsenicals 
which  produce  an  acute  injury  that  is  vascular,  may  lead  to  distinct 
interstitial  proliferation  (arsenic  add,  salvarsan,  and  neosalvarsan). 
Moreover,  an  arsenical  that  produces  an  acute  injury  that  is  primarily 
vascular  may  also  produce  injury  of  the  tubular  epithelium  which 
in  the  stages  of  repair  dominates  the  picture  to  the  exclusion  of  any 
extensive  interstitial  proliferation  (sodium  cacodylate). 

On  the  other  hand,  arsenicals  that  produce  primarily  an  injury  of 
tubular  epitheliiun  cause  a  marked  subsequent  regeneration  of  this 
tissue,  and  may  cause  in  addition  an  interstitial  fibroblastic  prolifera- 
tion (arsacetin).  But  an  arsenical  compoimd  that  produces  a 
marked  vascular  injury  in  addition  to  the  picture  of  tubular  necrosis 
may  lead  to  a  relatively  marked  interstitial  proliferation  as  well  as 
the  extensive  epithelial  regeneration  (atoxyl). 

In  connection  with  the  fibroblastic  proliferation  described  in  the 
processes  of  repair  in  these  kidneys,  we  must  refer  to  the  presence  of 
a  parasite  in  the  kidneys  of  some  guinea  pigs.*  This  parasite  is  only 
occasionally  found  in  guinea  pigs,  but  we  believe  that  it  may  cause 
irregular  acciunulations  of  fibroblasts  and  roimd  cells  about  the  base 
of  some  of  the  glomeruli  and  in  the  neighboring  labyrinthine  tissue. 
These  accumulations  resemble  those  seen  after  sublethal  injection 
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of  arsenioiis  acid,  but  they  are  much  more  irregular.  Therefore, 
we  wish  to  be  particularly  cautious  in  a  final  interpretation  of  our 
results  and  to  take  into  consideration  the  possibility  that  some  of  the 
fibroblastic  proliferation  we  have  seen  in  the  kidneys  of  guinea  pigs 
after  sublethal  injections  of  these  arsenicals  may  be  due  in  part  to 
this  renal  parasite. 

We  have  shown  that  after  acute  lethal  injury  with  various  arsenicals, 
two  types  of  kidne3rs  could  be  distinguished,  both  grossly  and  his- 
tologically, namely,  the  red  and  the  pale.  Further,  in  the  reaction 
after  a  sublethal  injury  inflicted  with  these  compounds  these  two 
main  types  of  kidney  alteration  may  still  be  differentiated  by  the 
processes  of  repair.  The  administration  of  those  compounds  which 
produce  a  predominantly  pale  kidney  is  followed  by  a  most  prompt 
and  pronoimced  regeneration  of  tubular  epithelium  with  a  varjdng 
degree  of  diffuse  fibroblastic  proliferation.  The  compoxmds  that 
produce  a  predominantly  red  kidney  are  followed  by  proliferation 
of  fibroblasts  with  but  slight  regeneration  of  the  tubular  epithelium. 
The  distribution  of  the  fibroblasts  in  the  reparative  stages  ap- 
parently corresponds  in  some  degree  to  the  initial  injury.  After  a 
more  or  less  predominant  vascular  injury  the  fibroblasts  are 
usually  found  about  the  glomeruli,  along  the  medullary  rays,  and  in 
the  boxmdary  zone.  With  other  compounds  that  show  little  evidence 
of  an  acute  vascular  injury,  the  connective  tissue  injury  may  be  more 
pronounced,  and  in  recovery  from  such  an  injury  the  fibroblasts  are 
diffusely  distributed  throughout  the  cortex  and  medulla  in  a  typical 
interstitial  manner.  But,  just  as  there  are  innmnerable  combinations 
of  vascular  and  tubular  and  probably  connective  tissue  injury  in 
the  acute  arsenic  kidneys,  so  there  are  innmnerable  combinations  of 
the  different  tissue  elements  in  the  processes  of  repair.  Hence,  we 
suggest  that  the  character  and  distribution  of  renal  injury  produced 
by  arsenical  compounds  as  indicated  by  the  processes  of  repair  are 
bound  up  in  the  chemical  constitution  of  these  compounds.  Further, 
that  each  particular  compoimd  as  far  as  the  kidney  is  concerned,  acts 
as  a  more  or  less  specific  toxic  agent,  as  shown  by  the  character  and 
distribution  of  the  renal  lesions. 
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SUMMARY. 

1 .  The  processes  of  repair  in  the  kidneys  of  guinea  pigs  after  sub- 
lethal doses  of  certain  arsenical  compounds  indicate  that  all  arsenicals 
do  not  produce  a  purely  vascular  type  of  renal  injury. 

2.  While  some  arsenicals  produce  a  predominantly  vascular  injury 
and  others  produce  a  predominantly  tubular  injury,  both  these  tissue 
elements  are  undoubtedly  always  affected,  although  in  varying  pro- 
portion. In  addition,  the  interstitial  connective  tissue  is  probably 
always  affected.  The  diffuse  proliferation  of  this  tissue  may  be 
relatively  conspicuous  in  the  processes  of  repair  after  arsenicals  that 
cause  but  slight  vascular  injury. 

3.  All  red  kidneys  do  not  necessarily  show  identical  pictures  dur- 
ing the  processes  of  repair;  the  same  is  true  of  pale  kidneys. 

4.  The  mode  of  action  of  an  arsenical  compound  as  a  renal  toxic 
agent  is  boimd  up  with  the  chemical  constitution  of  the  compound. 

EXPLANATION  OF  PLATES. 
The  illustrations  are  all  from  untouched  microphotographs. 

Plate  71. 

Fig.  1.  Arsenious  acid.  Guinea  Pig  2.  Section  from  the  outer  cortex.  There 
is  a  regular  and  definite  although  slight  acciunulation  of  round  cells  and  fibro- 
blasts about  the  glomeruli.  The  nuclei  of  the  glomerular  tuft  show  a  slight 
increase.    The  tubular  epithelium  is  normal.      X  210. 

Fig.  2.  Arsenic  acid.  Guinea  Pig  2.  Section  from  the  inner  cortex.  There  is 
a  slight  interstitial  proliferation  of  connective  tissue,  and  the  renal  tubules  in 
this  area  are  somewhat  distorted,  some  being  dilated  and  others  compressed. 
The  tubular  epithelium  and  glomeruli  are  practically  normal.     X  210. 

Plate  72. 

Fig.  3.  Arsenic  acid.  Guinea  Pig  6.  Section  from  the  boundary  zone. 
There  is  a  small  but  conspicuous  proliferation  of  connective  tissue  with  conse- 
quent dilatation  and  compression  of  the  renal  tubules  in  this  area.  The  renal 
epithelium  is  swollen  and  shows  parenchymatous  degeneration.     X  210. 

Fig.  4.  Sodium  cacodylate.  Guinea  Pig  2.  Section  from  the  outer  cortex. 
The  glomerular  tuft  is  slightly  swollen  and  shows  a  slight  increase  of  tuft  nudei. 
There  is  a  definite  and  regular  although  slight  infiltration  of  round  cells  and 
fibroblasts  around  the  base  of  the  glomeruli.  The  renal  epithelium  is  slightly 
swollen  and  degenerated.     X  210. 
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Plate  73. 

Fig.  5.  Salvarsan.  Guinea  Pig  1.  Section  from  the  boundary  zone.  There 
is  an  irregular  patchy  proliferation  of  connective  tissue.  The  renal  epithelium 
is  practically  normal.     X  210. 

Fig.  6.  Arsacetin.  Guinea  Pig  2.  Section  from  the  outer  cortex.  There 
is  a  marked  degeneration  and  regeiieration  of  the  tubular  epithelium  with  numer- 
ous mitotic  fgures.  There  is  a  granular  precipitate  in  the  lumen  of  the  tubules 
which  appear  slightly  dilated.  The  glomeruli  are  normal  in  appearance. 
There  is  a  slight  diffuse  proliferation  of  fibroblasts.     X  210. 

Plate  74. 

Fig.  7.  Arsacetin.  Gtdnea  Pig  3.  Section  from  the  midcortex.  There  is 
a  moderate  degeneration  and  marked  regeneration  of  the  tubular  epithelium  with 
numerous  mitotic  figures.  There  b  a  granular  precipitate  in  the  lumen  of  the 
tubules.     X  210. 

Fig.  8.  Arsacetin.  Guinea  Pig  2.  Section  from  the  upper  medulla.  There  is 
marked  regeneration  of  the  tubular  epithelium  with  numerous  mitotic  figures. 
There  is  a  slight  but  definite  interstitial  proliferation  of  fibroblasts.     X  210. 

Plate  75. 

FiG.  9.  Atoxyl.  Guinea  Pig  3.  Section  from  the  iimer  cortex.  There  is  a 
conspicuous  dilatation  of  some  of  the  tubules  with  a  granular  precipitate  in  the 
lumen.  The  tubular  epithelium  shows  regeneration  with  numerous  mitotic 
figures.    The  glomeruli  appear  normal.     X  210. 

Fig.  10.  Atoxyl.  Guinea  Pig  1.  Section  from  the  outer  cortex.  There  are 
two  adjacent  mitotic  figures  in  the  epithelimn  of  a  convoluted  tubule.     X  1,470. 

Plate  76. 

FlG.  11.  Atoxyl.  Guinea  Pig  3.  Section  from  the  boundary  zone.  There  is 
a  conspicuous  leukocytic  infiltration  in  the  tubules  and  interstitial  tissue.  The 
tubular  epithelium  shows  numerous  mitotic  figures.  There  is  some  interstitial 
proliferation  of  the  connective  tissue.     X  378 

Fig.  12.  Atoxyl.  Guinea  Pig  3.  Section  from  the  boundary  zone.  There 
is  a  diffuse  interstitial  proliferation  of  connective  tissue.  The  tubular  epithe- 
lium shows  several  mitotic  figures.     X  378. 


EXPERIMENTS  WITH  POLIOMYELITIS  IN  THE  RABBIT. 

By  M.  J.  ROSENAU,  M.D.,  and  L.  C.  HAVENS. 

{from  the  Department  of  PrevenHve  Medicine  and  Hygiene,  Harvard  Medical 

School,  Boston.) 

Plates  77  to  80. 

(Received  for  publication,  January  13,  1916.) 

Inoculation  of  the  common  laboratory  animals  with  the  virus  of 
poliomyelitis  has  met  with  so  little  success  that  the  disease  has  been 
generally  regarded  as  exclusively  limited  to  man  and  the  monkey. 
Attempts  have  been  made  to  transmit  the  virus  to  many  animals, 
but  of  all  the  animals  tested,  positive  results  have  thus  far  been 
recorded  only  for  monkeys,  rabbits,  and,  perhaps,  guinea  pigs. 

Krause  and  Meinicke^  reported  the  passage  of  a  strain  of  virus  obtained  from 
a  human  case  through  seven  generations  in  rabbits.  Lentz  and  HimtemUller^ 
rqx>rt  having  successfully  transferred  the  virus  from  rabbit  to  rabbit  by  various 
methods  of  inoculation.  They  found  the^alterations  in  the  brain  and  spinal  cord 
to  be  slight  as  compared  with  those  in  monkeys.  On  the  other  hand,  Rdmer 
and  Joseph,'  Landsteiner  and  Levaditi,^  Leiner  and  von  Wiesner,^  and  Flexner 
and  Lewis*  all  failed  to  transfer  the  disease  to  rabbits.  The  most  striking  results, 
perhaps,  have  been  reported  by  Marks,^  who  carried  a  strain  of  poliomyelitic 
virus  derived  from  a  rhesus  monkey  through  seven  generations  of  young  rabbits 
var3ring  in  weight  from  350  to  550  gm.  The  animals  that  succumbed  developed 
no  paralysis,  but  died  in  convulsions.  No  lesions  definitely  characteristic  of 
poliomyelitis  could  be  found  on  microscopic  examination.  Marks  says:  "The 
disease  thus  produced  in  rabbits  cannot  be  recognized  as  poliomyelitis, "  although 
he  concludes  that  filtrates  of  the  nervous  tissues  of  monkeys  dying  from  experi- 

*  ELrause,  P.,  and  Meinicke,  E.,  Detdsch,  med,  Wchnschr.,  1909,  xxxv,  1825. 

^  Lentz  and  Huntemiiller,  Ztschr,/,  Hyg,  u,  Infectionskrankh,,  1910,  Izvi,  481. 
'Rdmer,  P.  H.,  and  Joseph,  K.,  MUnchen,  med.  Wchnschr.,  1910,  Ivii,  2685. 
^  Landsteiner,  K.,  and  Levaditi,  C,  Compt.  rend.  Soc.  de  biol.,  1909,  Ixvii,  787. 

*  Leiner,  C,  and  von  Wiesner,  R.,  Wien.  klin.  Wchnschr.,  1909,  rrii,  1698. 

*  Flexner,  S.,  and  Lewis,  P.  A.,  Jour.  Exper.  Med.,  1910,  xii,  227. 
^  Marks,  H.  K.,  Jour.  Exper.  Med.,  1911,  xiv,  116. 
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mental  poliomyelitis  are  not  wholly  innocuoxis  to  young  rabbits.  Marks  fur- 
ther states  that  "not  all  strains  of  the  virus  can  be  transmitted  successfully  to 
even  a  small  fraction  of  individuals  of  all  varieties  of  domesticated  rabbits." 
This  fact,  which  we  have  corroborated,  may  explain  the  negative  results  of  other 
investigators. 

R5mer  and  Joseph'  have  observed  that  guinea  pigs  in  the  laboratory  occasion- 
ally die  of  a  paralytic  disease.  They  were  unable  to  transfer  poliomyelitic  virus 
from  monkeys  to  guinea  pigs,  although  Rdmer*  found  that  the  spontaneous  paraly- 
sis was  due  to  a  filterable  virus.  Neustaedter*  claims  to  have  carried  a  strain 
from  a  guinea  pig  presmnably  infected  through  contact  with  a  monkey  into  one 
other  guinea  pig  and  back  again  to  a  monkey. 

In  the  course  of  our  experiments  we  have  inoculated  a  few  guinea 
pigs.  The  lesions  in  those  that  succumbed  were  somewhat  similar 
to  the  lesions  seen  in  the  rabbits.  This  part  of  our  work  is  not  suf- 
ficiently advanced  to  warrant  conclusions.  Moreover,  we  have  no 
criterion  by  which  to  establish  what  is  and  what  is  not  poliomyelitis, 
except  by  reproducing  the  disease  in  monkeys.  It  is,  therefore, 
hazardous  to  affirm  or  deny  the  identity  with  poliomyelitis  of  these 
aberrant  conditions  in  other  animal  spedes. 

The  difficulty  of  obtaining  monkesrs  on  account  of  the  war  led 
us  to  consider  other  g^nimalft  that  might  be  susceptible  and  there- 
fore suitable  for  experimental  purposes.  We  selected  the  rabbit 
because  successful  results  had  previously  been  obtained  with  these 
rodents  and  because  rabbits  offered  a  good  chance  to  compare  the 
action  of  poliomyelitic  with  rabic  virus.  We  accordingly  inoculated 
rabbits  with  poliomyelitic  virus  from  a  rhesus  monkey  infected  by 
intracranial  inoculation  with  a  strain  sent  us  from  The  Rockefeller 
Institute  for  Medical  Research  by  Dr.  Harold  L.  Amoss.  We  have 
obtained  positive  results  in  young  rabbits  and  have  succeeded  in 
transferring  the  virus  from  rabbit  to  rabbit  through  eight  successive 
generations. 

Intracranial  inoculations  have  been  used  for  the  most  part,  although 
infection  has  taken  place  through  intravenous  injection,  also  through 
injection  into  the  sciatic  nerve  sheath,  and  even  after  introduction  of 
the  virus  into  the  anterior  nares,  upon  the  iminjured  nasal  mucosa. 

A  few  intraperitoneal  injections  were  tried,  but  with  negative  results. 

■ 

*  R5mer,  P.  H.,  Ergebn.  d.  inn.  Med.  u,  Kinderh.,  1912,  viii,  1. 

*  Neustaedter,  M.,  Jour.  Am,  Med.  Assn.,  1913,  Ix,  982. 
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All  inoculations  are  by  no  means  successful.  Over  one-half  fail; 
we  obtained  positive  results  in  twenty-two  rabbits  out  of  a  total  of 
fifty-four  inoculated  in  various  ways.  Of  five  rabbits  inocxilated  with 
the  virus  from  the  rhesus  monkey  two  have  failed  to  show  symptoms, 
although  kept  under  observation  for  5  months. 

The  age  incidence  of  poliomyelitis  in  man  is  indicated  by  the  name 
"infantile  paralysis."  In  our  experimental  work  we  obtained  posi- 
tive results  in  young  rabbits  only.  We  failed  to  infect  three  full 
grown  rabbits  with  rhesus  virus,  although  this  same  virus  caught 
in  three  out  of  five  young  rabbits.  Furthermore,  rabbit  virus  from 
the  second  and  third  generations  was  transferred  to  rabbits  8  weeks 
old  with  negative  results.  Thereafter  we  used  only  young  animals 
under  6  weeks  old  in  our  experiments.  There  seems  to  be  a  parallel 
between  rabbits  and  man  as  far  as  susceptibility  of  the  young  is  con- 
cerned. These  facts  seem  to  furnish  a  striking  example  of  natural 
immunity  acquired  during  the  period  of  adolescence. 

The  incubation  period  in  our  observations  of  twenty-two  rabbits 
has  been  variable,  the  shortest  being  2  days,  the  longest,  41.  In 
this  respect  our  experience  is  similar  to  that  of  Lentz  and  Htmte- 
mtiller,^  who  found  the  incubation  period  to  be  of  uncertain  length, 
sometimes  as  long  as  2  months,  but  usually  between  7  and  11  days. 
The  average  period  of  incubation  in  our  observations  was  12  days. 
Curiously  enough,  the  shortest  period,  2  days,  as  well  as  the  longest, 
41  days,  was  after  intracranial  injections. 

The  virus  so  far  has  given  no  evidence  of  increasing  adaptation  to 
rabbits,  or  of  becoming  fixed  to  any  degree,  the  number  of  failures 
being  as  great,  and  the  period  of  incubation  as  variable,  in  the  eighth 
generation  as  in  the  first. 

The  symptoms  also  vary.  They  can,  however,  be  divided  rou^ly 
into  two  classes:  (1)  A  type  which  we  designate  the  progressive 
type,  in  which  the  rabbit  first  becomes  inactive,  loses  weight,  and 
appears  weak.  This  is  followed  by  pyartial  or  complete  paralysis  of 
one  or  more  of  the  extremities  (Fig.  1),  which  usually  progresses  imtil 
death.  This  corresponds  somewhat  to  the  syndrome  most  commonly 
seen  in  experimental  poliomyelitis  in  monkeys.  The  duration  of 
the  disease  varies  from  1  or  2  days  to  1  week.  The  paraljrsis  is  usually 
flaccid,  but  occasionally  it  is  spastic.    Sometimes  the  paralj^s  be- 
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gins  locally.  As  a  rule,  it  is  easy  to  determine  that  the  paralysis  is 
a  true  palsy  and  not  sLmply  "weakness."  (2)  The  other  group  of 
symptoms,  which  we  designate  the  fulminating  type,  is  more  explosive 
in  character,  develops  suddenly,  and  terminates  in  a  very  short 
time;  it  never  extends  over  more  than  2  days  and  usually  lasts  only 
a  few  hours.  The  overshadowing  symptoms  are  extreme  weakness 
and  marked  ds^spnea.  As  an  illustration  of  the  rapid  course  of  the 
symptoms  of  the  fulminating  type  the  case  of  Rabbit  21  is  cited. 
This  rabbit  was  inoculated  intravenously  on  Aug.  18  with  1  cc.  of 
a  rich  emulsion  of  virus  from  a  first  generation  rabbit  (No.  34). 
On  Sept.  12,  25  days  later,  it  still  appeared  to  be  normal.  In  about 
an  hour  after  this  observation  it  was  found  by  one  of  us  lying  flat 
on  its  side,  breathing  in  slow,  labored  gasps.  There  was  great  general 
weakness,  the  rabbit  being  unable  to  raise  its  head,  but  no  paralysis 
of  the  extremities  was  demonstrable.  Within  a  few  minutes  the 
animal  was  dead,  the  whole  S3nidrome  lasting  less  than  an  hour.  This 
is  an  extreme  instance  of  the  fulminating  type,  and  is  of  special  in- 
terest since  it  follows  a  long  period  of  incubation.  We  have  seen 
combinations  of  the  two  types  with  symptoms  resembling  Landry's 
paralysis. 

Most  of  the  animals  in  which  the  symptoms  lasted  over  2  or  3  days 
lost  wei^t  rapidly.  In  some  cases  the  loss  of  weight  was  the  first 
observed  symptom. 

That  the  rabbit  virus  is  filterable  is  shown  by  the  protocol  of  Rab- 
bit 13  of  the  second  generation.  This  rabbit  was  inoculated  intra- 
cranially  with  0.5  cc.  of  a  Berkefeld  filtrate  of  brain  and  cord  emul- 
sion from  Rabbit  10.  Six  days  later  the  hind  legs  became  paralyzed, 
and  the  animal  died  2  days  after  onset  with  symptoms  of  the  fulminat- 
ing type.  The  imfiltered  virus  from  Rabbit  13  proved  infectious  for 
two  other  rabbits  (Nos.  20  and  23). 

We  have  inoculated  a  monkey  with  virus  from  Rabbit  49  of  the 
seventh  generation.  The  monkey  died  after  an  incubation  period  of 
4  weeks,  with  symptoms  somewhat  resembling  the  fulminating  type 
seen  in  the  rabbits.  The  gross  pathological  findings  were  congestion 
of  the  pia,  especially  in  the  region  of  the  medulla,  and  h3^eremia  and 
hemorrhage  of  the  gray  matter  of  the  medulla  and  cord.  The  micro- 
scopic lesions  were  similar  to  those  seen  in  the  rabbits  and  not  typi- 
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cal  of  experimental  poliomyelitis  in  monkeys.  The  monkey  was  a 
South  American  species  which  we  have  since  found  to  be  highly  resist- 
ant to  poliomyelitic  virus  derived  from  rhesus  monkeys.  This  in- 
teresting observation  is  being  made  the  subject  of  further  study. 

Flexner  found  that  Capucinus  monkeys  were  resistant,  although 
Cebus,  another  South  American  species,  were  susceptible,  but  less  so 
than  Old  World  monkesrs.  He  therefore  concludes  that  the  Plaiyr- 
rhines  are  less  susceptible  than  the  Caiarrhines}^ 

The  intracranial  inoculations  were  done  by  making  a  small  incision 
in  the  skin,  near  the  midline,  drawmg  this  to  one  side,  and  introducing 
the  needle  of  the  syringe  directly  through  the  frontal  bone,  which 
is  thin  and  soft  in  young  rabbits.  The  virus  is  then  injected  slowly 
into  the  region  of  the  lateral  ventricle.  On  withdrawing  the  needle, 
the  skin  slides  back  and  acts  as  a  valve  to  cover  the  small  opening  in 
the  bone. 

The  emulsion  of  virus  in  all  cases  was  made  by  grinding  in  a  mor- 
tar, portions  of  the  brain  and  cord  with  salt  solution,  and  filtering 
through  several  layers  of  sterile  gauze. 

In  Table  I  are  briefly  summarized  the  results  of  the  rabbits  which 
succumbed  to  intracranial  inoculation. 

Fourteen  rabbits  inoculated  intracranially  failed  to  show  symptoms. 

The  intravenous  inoculations  were  made  into  the  posterior  auricular 
vein  with  an  emulsion  of  the  central  nervous  matter  prepared  as 
above  described. 

Table  II  contains  a  condensed  siunmary  of  the  rabbits  which  suc- 
cumbed to  intravenous  inoculations. 

Six  rabbits  inoculated  intravenously  failed  to  show  symptoms. 

In  order  to  inject  the  virus  into  the  sciatic  nerve  sheath,  a  short 
incision  was  made  in  the  skin  above  the  nerve,  the  tissues  were  dis- 
sected sufficiently  to  render  the  nerve  visible,  and  the  needle  was  then 
inserted  into  the  sheath  in  the  central  direction.  The  emulsion  was 
prepared  as  above. 

Table  III  gives  a  condensed  summary  of  the  rabbits  which  suc- 
cumbed as  a  result  of  injection  into  the  sciatic  nerve  sheath. 

Five  rabbits  inoculated  into  the  sciatic  nerve  sheath  failed  to  de- 
velop symptoms. 

*•  Flexner,  S.,  Jour.  Am.  Med.  Assn.,  1910,  Iv,  1105. 
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TABLE  I. 

IfUracranial  Inoculation. 


No.ofnbbiL 

Amount 
of  emalsion. 

Rabbit 
genetatkm. 

Period  of 
incubation. 

Type  of 

ef. 

days 

19 

0.5 

I 

19 

P. 

35 

0.5 

n 

5 

P. 

27 

0.25 

n 

31 

F. 

28 

0.25 

n 

34 

F. 

13 

0.5 

n 

6 

F. 

20 

0.5 

in 

41 

F. 

23 

0.5 

III 

9 

P. 

22 

0.8 

m 

10 

P. 

46 

0.25 

m 

10 

Convulsions. 

15 

0.5 

in 

2 

F. 

9 

0.5 

m 

14 

P. 

16 

0.5 

rv 

13 

P. 

41 

0.5 

V 

12 

P. 

*In  this  and  the  following  tables,  the  letter  P  indicates  symptoms  of  the 
progressive  type;  F,  symptoms  of  the  fulminating  type. 

TABLE  n. 
Intravenous  Inoculation. 


Nb.ofnbbit. 

Amount 
of  emubiott. 

Rabbit 
generation. 

Pffiodof 
incnbntioa. 

Type  of 
symptOfflA. 

cc 

dayt 

34 

1.0 

I 

18 

F. 

10 

1.0 

I 

3 

F. 

21 

1.0 

n 

25 

F. 

TABLE  ni. 
Inoculation  into  the  Sciatic  Nerve  Sheath. 


No.  of  rabbit. 

Amount 
of  emulsion. 

Rabbit 
generation. 

Period  of 
incubation. 

Type  of 
tymptoma. 

43 
49 
61 

0.5 

0.5 
1.0 

VI 
VTI 

vm 

days 

8 

6 

20 

P. 
F. 
F. 
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In  order  to  introduce  the  virus  into  the  nose,  the  following  procedure 
was  adopted.  The  rabbit  was  lightly  etherized,  held  on  its  back,  and 
the  emulsion  of  the  virus  then  dropped  into  the  anterior  nares  from 
an  ordinary  medicine  dropper,  care  being  taken  not  to  injure  the 
mucosa.  There  was  usually  a  little  sneezing  immediately  after  the 
fluid  was  introduced. 

Table  IV  is  a  condensed  summary  of  the  three  rabbits  which  suc- 
cumbed as  a  result  of  intranasal  insufflation. 

TABLE  IV. 

Intranasal  InsufflaHon. 


No.  of  nbbit. 

Amount 
of  emabbn. 

Rabbit 
genaratioii. 

Period  of 
incabfttkm. 

Type  of 
vymptOBu. 

cc. 

days 

33 

0.5 

IV 

2 

F. 

36 

0.5 

V 

2 

F. 

64 

0.25 

VIII 

2 

F. 

Six  rabbits  inoculated  by  intranasal  insufflation  failed  to  develop 
symptoms. 

It  will  be  seen  that,  judging  from  the  limited  data  at  hand,  this 
is  a  particularly  virulent  way  of  infecting  rabbits  with  the  virus. 
The  period  of  incubation  is  short — only  2  days — ^and  the  symptoms 
in  all  three  cases  were  of  the  fulminating  type.  These  represent 
only  three  out  of  nine  rabbits  tested  by  introducing  the  virus  into 
the  nose.  The  other  six  failed  to  take.  Particular  attention  was  paid 
to  the  lungs  of  the  rabbits  in  this  group  at  autopsy.  There  was  no 
evidence  of  pneimionia,or  even  of  congestion  of  the  lungs.  On  micro- 
scopical examination  it  was  found  that  the  medulla  was  markedly 
congested,  whereas  the  cord  was  only  slightly  affected. 

The  gross  lesions  consist  of  injection  of  the  vessels  of  the  pia,  hy- 
peremia of  the  gray  matter  of  the  medulla  and  cord,  and  more  or 
less  marked  edema  throughout  the  brain  and  cord.  The  microscopic 
lesions  are  distributed  rather  uniformly  throughout  the  gray  matter 
of  the  cord  and  medulla  in  the  progressive  type.  In  the  fulminating 
group   (those  exhibiting  symptoms  of  respiratory  failure  without 
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paralysis  of  the  skeletal  muscles),  the  lesions  are  more  marked  in 
the  medulla. 

The  microscopic  lesions  consist  of  capillary  congestion,  focal  hemor- 
rhages into  the  gray  matter,  degeneration  of  the  large  motor  cells, 
and  infiltration  with  cells  of  imcertain  origin  (Figs.  2,  3,  4,  5,  6,  7, 
and  8).  These  cells  for  the  most  part  seem  to  be  proliferated  glia 
cells,  and  therefore  appear  to  be  different  from  the  infiltrating  lym- 
phocytes of  the  lesions  of  poliomyelitis  in  man.  The  congestion  of 
the  capillaries  and  small  arterioles  is  conspicuous.  The  infiltrating 
cells  when  stained  with  eosin  and  methylene  blue  have  large,  vesic- 
ular nuclei  with  a  number  of  conspicuous  chromatin  granules.  The 
c}rt<^lasm  is  scanty  and  homogeneous.  They  are  scattered  through- 
out the  gray  matter,  and  are  also  grouped  in  satellite  arrangement 
around  the  nerve  cells,  but  the  perivascular  infiltration,  so  typical 
of  the  lesions  of  poliomyelitis  in  man  and  the  monkey,  is  absent  in 
the  rabbit.  Pimctate  hemorrhages  are  numerous,  sometimes  every 
vessel  in  a  field  being  ruptured.  The  nerve  cells  show  all  stages 
of  degeneration.  Chromatolysis  is  common  and  satellitosis  is  an 
almost  constant  feature.  A  moderate  degree  of  round  ceU  infil- 
tration is  occasionally  seen  in  the  meninges.  The  accompanying 
plates  illustrate  the  different  features  of  the  lesions.  The  complete 
picture  gives  the  impression  of  a  severe  intoxication  of  the  gray  mat- 
ter of  the  cord  and  medulla. 

The  following  are  the  protocols  in  brief  of  the  rabbits  that 
succumbed,  arranged  chronologically,  as  in  Text-fig.  1. 

Rabbit  J4, — ^Age  6  wks.  Weight  660  gm.  Ist  generation.  1  cc.  of  rkesus 
virus  intravenously.  Incubation  period  18  days.  Died  in  the  night  with  no 
observed  symptoms. 

Rabbit  19, — ^Age  5  wks.  Weight  600  gm.  1st  generation.  0.5  cc.  of  rhesus 
virus  mtracranially.  Incubation  period  19  days.  Death  in  4  days.  Paralysb 
of  front  legs  with  respiratory  sjonptoms. 

Rabbit  10. — ^Age  4  wks.  Weight  550  gm.  1st  generation.  1  cc.  of  rhesus 
virus  intravenously.  Incubation  period  3  days.  Died  in  the  night  with  no 
observed  symptoms. 

Rabbit  21. — ^Age  5  wks.  Weight  600  gm.  2nd  generation.  1  cc.  of  virus  of 
Rabbit  34  intravenously.  Incubation  period  25  days.  Death  in  1  hour.  Symp- 
toms very  explosive  in  character;  complete  prostration  and  marked  dyspnea. 

Rabbit  35. — ^Age  6  wks.  Weight  730  gm.  2nd  generation.  0.5  cc.  of  virus 
of  Rabbit  34  intracranially.    Incubation  period  5  days.    Hind  legs  became 
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paralyzed.  Paralysis  remained  stationaiy  for  5  days,  then  showed  tendency  to 
improvement.    Chloroformed.  • 

RabbU  27. — ^Age  3  wks.  Weight  290  gm.  2nd  generation.  0.25  cc.  of  virus 
of  Rabbit  34  intracranially.  Incubation  period  31  da3rs.  Death  in  1  day. 
Paralysis  and  dyspnea. 

RabhU  28. — ^Age  3  wks.  Weight  255  gm.  2nd  generation.  0.25  cc.  of  virus 
of  Rabbit  34  intracranially.  Incubation  period  34  days.  Death  in  1  day. 
Weakness  and  dyspnea. 

RabbU  13, — ^Age  4  wks.  Weight  540  gm.  2nd  generation.  0.5  cc.  of  Berke- 
feld  filtrate  of  emulsion  of  virus  of  Rabbit  10  intracranially.  Incubation  period 
6  days.    Death  in  2  ddiys.    Paralysis  of  hind  legs  and  respiratory  distress. 

Rabbit  20. — ^Age  5  wks.  Weight  645  gm.  3rd  generation.  0.5  cc.  of  virus  of 
Rabbit  13  intracranially.  Incubation  period  41  days.  Death  in  1  day.  Ex- 
plosive symptoms;  prostration  and  marked  d3rspnea. 

RabbU  23. — ^Age  4  wks.  Weight  410  gm.  3rd  generation.  0.5  cc.  of  virus 
of  Rabbit  13  intracranially.  Incubation  period  9  days.  Death  in  5  days.  Gen- 
eral weakness  and  dyspnea. 

RabbU  22. — ^Age  5  wks.  Weight  620  gm.  3rd  generation.  0.8  cc.  of  virus 
of  Rabbit  21  intracraniaUy.  Incubation  period  10  days.  Death  in  7  days. 
Paralysis  progressive. 

RabbU  46. — ^Age  5  wks.  Weight  380  gm.  3rd  generation.  0.25  cc.  of  virus 
of  Rabbit  27  intracranially.  Incubation  period  10  days.  Death  in  1  day. 
Died  in  convulsions. 

RabbU  15. — ^Age  6  wks.  Weight  520  gm.  3rd  generation.  0.5  cc.  of  virus  of 
Rabbit  35  intracranially.  Incubation  period  2  days.  S3anptoms  progressed 
rapidly;  respiratory  distress  and  great  weakness.    Chloroformed. 

RabbU  9. — ^Age  4  wks.  Weight  440  gm.  3rd  generation.  0.5  cc.  of  virus  of 
Rabbit  35  intracranially.  Incubation  period  14  days.  Death  in  7  days.  Pro- 
gressive paralysis  with  respiratory  distress. 

RabbU  16. — ^Age  4  wks.  Weight  430  gm.  4th  generation.  0.5  cc.  of  virus 
of  Rabbit  15  intracranially.  Incubation  period  13  days.  Death  in  8  days. 
Symptoms  progressive  in  type  with  dyspnea. 

RabbU  33. — ^Age  6  wks.  Weight  620  gm.  4th  generation.  0.5  cc.  of  emubion 
of  virus  of  Rabbit  9,  half  the  amount  dropped  in  each  nostril.  Incubation  period 
2  days.  Death  in  1  day.  Sjrmptoms  of  the  fulminating  type  with  paralysis  of 
hind  legs  towards  the  last. 

RabbU  41. — ^Age  5  wks.  Weight  560  gm.  5th  generation.  0.5  cc.  of  emulsion 
of  virus  of  Rabbit  33  intracranially.  Incubation  period  12  days.  Death  in  4 
days.    Symptoms  of  progressive  type. 

RabbU  36. — ^Age  4  wks.  Weight  380  gms.  5th  generation.  0.25  cc.  of  heavy 
emulsion  of  virus  of  Rabbit  33  in  each  nostril.  Incubation  period  2  days.  Death 
in  2  days.    Symptoms  of  fulminating  type  with  paralysis. 

RabbU  43. — Age  5  wks.  Weight  450  gm.  6th  generation.  0.5  cc.  of  emulsion 
of  virus  of  Rabbit  36  injected  into  sciatic  nerve  sheath.    Incubation  period  8 
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days.  Symptoms  progressive  in  type.  Complete  paralysis  on  3rd  day.  Chloro- 
formed. 

Rabbit  49. — ^Age  4  wks.  Weight  310  gm.  7th  generation.  0.5  cc.  of  emulsion 
of  virus  of  Rabbit  43  into  sciatic  nerve  sheath.  Incubation  period  6  days.  Death 
in  2  days.    S3miptoms  fulminating  in  type. 

Rabbit  64, — ^Age  4  wks.  Weight  400  gm.  8th  generation.  0.25  cc.  of  emul- 
sion of  virus  of  Rabbit  49  into  each  nostril.  Incubation  period  2  days.  Death 
in  2  days.    Symptoms  of  fulminating  type. 

Rabbit  61, — ^Age  4  wks.  Weight  340  gm.  8th  generation.  1.0  cc.  of  emul- 
sion of  virus  of  Rabbit  49  into  sciatic  nerve  sheath.  Incubation  period  20  days. 
Died  in  night  with  no  observed  symptoms. 

DISCUSSION  AND   SUMMARY. 

The  poliomyelitic  virus  obtained  from  an  experimental  monkey 
has  been  passed  through  eight  generations  in  rabbits.  It  shows  no 
signs  of  dying  out.  On  the  other  hand,  it  gives  no  evidence  of  be- 
coming more  pathogenic  to  the  species  through  successive  passage. 
The  period  of  incubation  remains  variable  and  the  percentage  of  takes 
has  not  increased.  Whether  eventually  a  virus  can  be  obtained 
which  is  of  heightened  virulence  to  rabbits  is  problematic. 

All  inoculations  are  by  no  means  successftd.'  The  animals  show 
great  individual  differences  in  susceptibility  to  the  virus,  as  is  evi- 
denced by  the  fact  that  out  of  fifty-four  rabbits  inoculated,  only 
twenty-two,  or  about  40  per  cent,  succimibed.  Thife  fact  may  ex- 
plain the  negative  results  of  other  investigators.  At  several  points 
in  the  series  of  experiments  it  was  thought  that  the  strain  had  died 
out.  As  many  as  six  rabbits  have  been  inoculated  one  after  the 
other  before  the  virus  would  catch  again. 

The  age  of  the  rabbits  is  important  in  considering  the  susceptibility. 
From  the  limited  data  at  our  command,  adult  rabbits  are  resistant, 
and  there  appears  to  be  an  abrupt  increase  in  resistance  between  the 
age  of  6  and  8  weeks;  that  is,  rabbits  imder  6  weeks  are  more  sus- 
ceptible to  the  virus.  There  seems  to  be  a  parallel  between  the  age 
incidence  of  this  disease  in  rabbits  and  spontaneous  poliomyelitis 
in  man.  The  age  incidence  of  poliomyelitis  in  man  is  indicated  by 
the  term  "infantile  paralysis." 

Several  methods  of  inoculation  have  proved  successful;  thus  the 
rabbits  have  succumbed  as  a  result  of  introducing  the  virus  directly 
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into  the  brain,  by  injecting  it  into  a  peripheral  nerve,  or  directly  into 
the  circulation,  or  by  placing  it  upon  the  uninjured  nasal  mucosa. 

The  symptoms  produced  show  more  or  less  departure  from  the 
symptoms  of  poliomyelitis  as  seen  in  the  spontaneous  disease  in 
man  and  in  the  experimental  disease  in  the  monkey.  There  are  two 
distinct  pictures  recognizable.  In  one  there  is  paralysis  of  one  or 
more  of  the  extremities  which  progresses  imtil  death,  resembling 
somewhat  the  symptoms  of  the  experimental  disease  in  the  monkey. 
This  we  have  designated  the  progressive  type.  The  other  group  is 
included  in  what  we  have  called  the  fulminating  type.  The  symp- 
toms are  explosive  in  character,  with  extreme  weakness  amounting 
to  prostration,  terminating  in  death  in  a  few  hours,  attendant  upon 
respiratory  failure.  The  mode  of  inoculation  seems  to  have  little 
effect  upon  the  type  of  symptoms  produced. 

The  period  of  incubation  is  variable  and  apparently  does  not  depend 
u[>on  the  method  of  inoculation.  The  period  varied  from  2  to  41 
days,  with  an  average  of  12  days.  The  two  extremes  both  occurred 
after  intracranial  injection.  After  intranasal  insufflation  the  in- 
cubation period  was  short,  being  in  each  case  2  days,  followed  by 
symptoms  of  the  fulminating  t}^.  The  placing  of  the  virus  into 
the  nose  seems  to  be  an  effective  method,  but  is  as  imcertain  as  oth&c 
routes,  as  only  three  out  of  nine  rabbits  tested  in  this  manner  suc- 
cumbed. The  disease  produced  by  this  route  was  particularly 
virulent. 

The  virus  shows  no  tendency  to  become  fixed.  The  period  of 
incubation  is  as  variable  in  the  eighth  generation  as  in  the  first,  and 
the  virus  has  shown  no  tendency  towards  increasing  virulence  through 
successive  passage,  in  these  respects  differing  from  the  virus  of  rabies. 

We  have  foimd  the  virus  to  be  filterable.  An  emulsion  of  the 
central  nervous  matter  of  a  rabbit  of  the  first  generation  passed 
through  a  Berkefeld  filter,  and  injected  intracerebrally  into  another 
rabbit,  resulted  in  death,  preceded  by  symptoms  of  the  fulminating 
type.  Virus  (unfiltered)  from  this  rabbit  was  transferred  success- 
fully to  two  other  rabbits. 

The  lesions,  while  definite  and  consistent  throughout  the  series, 
lack  the  distinctive  features  of  the  pathologic  picture  of  poliomyelitis 
in  man  and  the  monkey.     Capillary  congestion,  punctate  hemor- 
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rhages,  degeneration  of  the  motor  cells,  satellitosis,  and  more  or  less 
cellular  infiltration  of  the  gray  matter  of  the  cord  and  medulla 
are  foimd,  but  perivascular  infiltration  is  absent  and  the  infiltrating 
cells  are  not  lymphocytic  in  character. 

One  of  the  most  striking  features  of  this  investigation  is  the  way  in 
which  rabbits  and  monkeys  react  to  the  same  virus.  The  disease  in 
the  rabbit  presents  certain  clinical  resemblances  to  the  experimental 
disease  in  the  monkey  and  also  to  the  spontaneous  disease  in  children. 
On  the  other  hand,  the  symptoms  show  marked  variation  from  those 
seen  in  the  monkey  and  in  man.  The  picture  has  not  the  same 
constancy  in  rabbits  and  could  not  in  most  cases  be  recognized  clini- 
cally as  poliomyelitis.  There  are  still  more  marked  differences  in  the 
pathology.  While  it  is  true  that  the  brunt  of  the  attack  in  the 
rabbit  falls  upon  the  gray  matter  of  the  cord  and  medulla,  the 
appearance  of  the  lesions  imder  the  microscope  shows  such  differ- 
ences from  the  lesions  of  experimental  poliomyelitis  in  monkeys,  as 
weU  as  the  natural  disease  in  man,  as  to  suggest  two  distinct 
infections.  It  is  more  reasonable,  however,  to  assume  that  we  are 
dealing  with  a  modified  form  of  poliomyelitis;  that  the  rabbit  reacts 
differently  to  the  virus  than  the  monkey  or  man;  and  that  the  dis- 
ease produced  in  rabbits  by  us  and  others  is  in  fact  poliomyelitis. 
So  far  as  we  know,  no  other  virus  produces  such  differences  in  two 
animal  species.  Smallpox  is  so  profoimdly  altered  in  the  cow  that 
it  took  almost  100  years  to  prove  Jenner's  assiunption  that  cowpox 
is  a  modified  form  of  smallpox.  However,  the  pock  of  vaccinia 
is  a  correct  coimterpart  both  clinically  and  pathologically  of  the 
pock  of  variola.  If  the  virus  of  poliomyelitis  may  be  so  altered 
in  the  rabbit  as  scarcely  to  be  recognizable,  may  it  not  be  still  more 
profoimdly  changed  in  other  animals?  The  conjecture  then  arises 
that  poliomyelitis,  instead  of  being  limited  naturally  to  man  and 
experimentally  to  monkeys,  may  in  fact  occiu:  in  other  animals  in 
unnoticed  or  unrecognized  form.  If  this  should  prove  true,  it 
may  be  a  source  of  human  infection  and  may  help  to  solve  the  prob- 
lem of  prevention. 
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EXPLANATION  OF  PLATES." 

Plate  77. 

Fig.  1.    Rabbit  19.    Paralysis  of  extremities. 

Fig.  2.    Rabbit  19.    Medulla.    Chromatolysis  of  the  nerve  cells.     X  515. 

Plate  78. 

Fig.  3.  Rabbit  9.  Lumbar  cord,  showing  capillary  congestion  and  hemorrhage. 
X180. 

Fig.  4.  Rabbit  9.  Lumbar  cord.  Numerous  punctate  hemorrhages,  and 
marked  cell  degeneration.     X  385. 

Plate  79. 

Fig.  5.    Rabbit  35.    Lumbar  cord.    Cellular  infiltration.     X  180. 
Fig.  6.    Rabbit  9.    Medulla.    Satellitosis  around    degenerated  nerve  cells. 
X515. 

Plate  80. 

Fig.  7.    Rabbit  35.    Satellitosis.     X  515. 

Fig.  8.  Rabbit  19.  Cervical  cord.  Degeneration  of  anterior  horn  cells  with 
satellitosis.     X  385. 

"  We  are  indebted  to  Dr.  J.  P.  Bill  for  the  microphotographic  work. 
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FEEDING  EXPERIMENTS  WITH  BACTERIUM  PULLORUM. 
THE  TOXICITY  OF  INFECTED  EGGS. 

By  LEO  F.  RETTGER,  Ph.D.,  THOMAS  G.  HULL,  and  Wn-LL\M  S.  STURGES. 

{Pram  the  Sheffield  Laboratory  of  Bacteriology  and  Hygiene,  Yale  University,  New 
Haven,  and  the  Starrs  Agricultural  Experiment  Station,  Starrs.) 

•  (Received  for  publication,  February  2,  1916.) 

In  a  previous  investigation  on  the  bacteriology  of  the  hen's  egg* 
sufficient  evidence  was  acquired  to  show  that  the  contents  of  normal 
fresh  eggs  are,  as  a  rule,  sterile,  and  that  even  eggs  which  have  been 
incubated  artificially  for  3  weeks  remain  relatively  free  from  bacterial 
invasion,  provided  that  they  were  fresh  and.  clean  when  placed  in  the 
incubator.  It  was  shown,  however,  that  eggs  which  come  from  fowls 
that  are  permanent  bacillus  (Bacterium  puUorum)  carriers  are  often 
exceptions  to  the  rule. 

The  carrier  problem  in  bacillary  white  diarrhea  of  young  chicks 
has  assumed  considerable  importance  in  recent  years.^  It  has  been 
demonstrated  beyond  doubt  that  the  mother  hen  is  the  permanent 
source  of  infection,  as  the  result  of  acquiring  the  disease  early  in  her 
existence,  or  after  full  maturity.  The  permanent  seat  of  infection 
is  the  ovary,  which  in  many  instances  becomes  so  greatly  involved 
that  the  ova  are  discolored  and  misshapen,  and  the  ovary  presents 
a  decidedly  pathological  appearance.  The  ova  harbor  the  disease 
organism.  Furthermore,  ova  which  develop  into  apparentiy  normal 
yolks  frequently  carry  the  organism.  Bacterium  puUorum,  to  the  time 
of  full  formation  of  the  egg.  Infected  eggs  produce  infected  chicks, 
and  although  chicks  succumb  frequently  before  their  embryonic 
development  is  completed,  a  large  percentage  of  them  emerge  from 

*Rettger,  L.  F.,  Ceniralbl.  f.  BakterioL,  2te  Abt,,  1913-14,  xxxix,  611;  BuU, 
Starrs  Agricultural  Experiment  Station,  1913,  No.  75. 

*  Rettger,  L.  F.,  and  Stonebum,  F.  H.,  Bull.  Starrs  Agricultural  Experiment 
Station,  1909,  No.  60;  1911,  No.  68.  Rettger,  L.  F.,  Kirkpatrick,  W.  F.,  and 
Stonebum,  F.  H.,  Bull,  Starrs  Agricultural  Experiment  Station,  1912,  No.  74. 
Rettger,  L.  F.,  Kirkpatrick,  W.  F.,  and  Jones,  R.  E.,  Bull,  Starrs  Agricultural 
Experiment  Station,  1914,  No.  77. 
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the  shell  apparently  sound  and  well.  However,  they  soon  acquire 
the  disease  and  many  of  them  fall  a  prey  to  the  organism  which  they 
carried  for  a  long  time  in  their  yolk.  Those  which  survive  often  be- 
come permanent  bacillus  carriers,  and  thus  the  cycle  of  infection  is 
completed.  Furthermore,  these  chicks  are  a  constant  source  of  in- 
fection to  other  chicks  and  mature  stock  as  well. 

The  occurrence  of  Bacterium  puUorum  in  eggs  has  been  a  subject 
of  serious  consideration,  but  only  from  the  standpoint  of  breeding  and 
the  perpetuation  of  sound  stock.  The  system  of  testing  breeding 
hens  by  the  agglutination  test,  which  is  now  being  conducted  in  several 
of  the  states,  marks  but  a  culmination  of  the  efforts  that  are  being 
made  to  combat  the  disease  through  the  detection  and  the  elimination 
of  the  permanent  carriers  of  badllary  white  diarrhea. 

There  has  been  much  speculation  from  time  to  time  as  to  whether 
the  presence  of  Bacterium  puUorum  in  an  egg  renders  it  unsafe  as  an 
article  of  diet  for  man  or  any  of  the  lower  animals  other  than  chicks, 
and  especially  for  young  children  and  infants.  Little  serious  thought 
was  given  to  this  question,  however,  and  it  was  dismissed  with  the 
assumption  that  such  an  element  of  danger,  if  it  existed  at  all,  was 
but  very  slight.  While  it  is  not  the  purpose  of  this  paper  to  spread 
imdue  alarm,  there  is  sufficient  evidence  on  hand  to  show  that  Bac- 
terium puUorum,  when  fed  to  some  of  the  lower  animals,  may  produce 
most  serious  consequences,  and  even  death.  In  other  words,  it  has 
been  demonstrated  that  this  organism  may  manifest  itself  as  one 
of  the  group  of  so  called  "food-poisoning  bacteria." 

The  marked  pathogenicity  of  Bacterium  puUorum  for  yoimg  chicks 
has  been  so  frequently  demonstrated  that  little  need  be  said  concern- 
ing it  here.  Chicks  under  1  week  of  age  are  extremely  susceptible 
to  the  influence  of  this  organism,  whether  infection  takes  place  through 
the  mouth  or  the  skin  (subcutaneous  injection),  and  the  mortality 
is  usually  very  high.  It  had  long  been  supposed,  however,  that  the 
ability  of  this  organism  to  produce  disease  did  not  extend  beyond 
young  chicks. 

Jones'  was  the  first  to  demonstrate  that  Bacterium  puUorum  may  be  patho- 
genic for  fully  mature  fowls.    On  a  large  poultry  farm  in  the  state  of  New  York 

•Jones,  F.  S.,  Jour,  Med.  Research,  1912-13,  xxvii,  471. 
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a  peculiar  epidemic  manifested  itself  in  a  flock  of  about  700  adult  hens,  the  re- 
sultant mortality  being  50.  This  epidemic  was  most  dearly  traced  to  infected 
eggs,  as  the  following  account  will  show.  There  had  been  no  history  of  badllaiy 
white  diarrhea  on  the  farm.  A  neighbor  had  been  meeting  with  serious  losses, 
however,  and  a  number  of  egg^  from  his  fowls  were  incubated  on  the  farm  which 
had  hitherto  been  free  from  the  disease.  Nearly  all  the  chicks  that  were  hatched 
from  these  eggs  died  within  10  da3rs  from  bacillary  white  diarrhea.  The  eggs 
which  failed  to  hatch  were  inadvertently  fed  on  Mar.  12  to  the  adult  hens.  On 
Mar.  28  a  few  of  the  fowls  which  had  eaten  the  eggs  died,  and  from  that  time 
on  for  a  period  of  a  month  50  of  the  hens  died,  with  essentially  the  same  symp- 
toms. Bacterium  puUorum  was  recovered  from  various  internal  organs  of  hens 
that  were  examined,  as  well  as  from  chicks  hatched  from  the  neighbor's  eggs, 
and  from  the  ovaries  of  the  neighbor's  adult  fowls. 

We  have  obtained  similar  results,  though  on  a  much  smaller  scale- 
In  a  series  of  experiments  conducted  in  1913  on  mature  fowls,  and  in 
which  bouillon  cultures  of  Bacterium  puUorum  were  fed  to  the  fowls 
along  with  the  regular  dry  mash,  three  deaths  occurred  in  a  pen  of 
twelve  hens.  Two  of  the  hens  were  sent  to  the  laboratory  for  bacteri- 
ological examinations.  From  the  liver,  lungs,  spleen,  and  heart  of 
both  these  victims  Bacterium  puUorum  was  easily  recovered,  and  the 
growths  obtained  on  agar  by  direct  inoculation  were  such  as  to  indi- 
cate that  the  badlli  were  present  in  the  blood  in  very  large  numbers. 
Postmortem  examinations  did  not  reveal  any  marked  or  gross  lesions. 
The  deaths  occurred  within  a  period  of  1  to  2  weeks  after  the  first  in- 
gestion of  the  bouillon  cultures.  Other  hens  which  api>eared  to  be 
affected  completely  recovered  in  a  relatively  short  time. 

The  first  information  as  to  the  real  toxicity  of  Bacterium  puUorum  for  experi- 
mental animals  was  conveyed  by  Smith  and  Ten  Broeck.^  In  comparative  studies 
of  the  properties  of  this  organism  and  of  the  bacillus  of  fowl  typhoid  these  authors 
demonstrated  that  the  bacterium-free  filtrates  of  5  to  15  day  old  bouillon  cul- 
tures of  Bacterium  puUorum  were  decidedly  toxic  to  full  grown  rabbits  when  given 
by  intravenous  injection.  Death  followed  within  2  hours,  or  there  was  marked 
dyspnea  followed  by  death  over  night  or  by  loss  of  weight  and  subsequent  recovery. 

Gage*^  has  shown  that  rabbits  are  very  susceptible  to  even  very  small  doses  of 
Bacterium  puUorum  by  subcutaneous  injection,  and  that  for  this  reason  it  is  diffi- 
cult to  inununize  rabbits  to  the  organism. 

*  Smith,  T.,  and  Ten  Broeck,  C,  Jour.  Med.  Research,  1915,  xxxi,  547. 
^  Gage,  personal  communication. 
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The  present  investigation  divides  itself  into  two  distinct  phases: 
first,  a  study  of  the  toxicity  or  disease-producing  properties  of  Bac- 
terium  puUorum  when  administered  orally,  either  with  food  or  with 
the  aid  of  a  pipette;  and,  second,  an  investigation  of  the  heat  toler- 
ance of  this  organism  in  infected  eggs  which  are  being  prepared  for 
table  use  by  the  usual  processes  of  boiling,  coddling,  frying,  etc. 

The  Toxicity  of  Bacterium  puUorum  when  Introduced  through  the 

Mouth  and  Digestive  Tract, 

The  experiments  were  conducted  on  22  rabbits,  11  kittens,  11 
guinea  pigs,  and  4  white  rats.  The  method  of  administering  the  test 
organism  varied.  In  some  instances  water  suspensions  of  slant  agar 
cultures  were  mixed  with  the  regular  feed,  while  at  other  times  these 
suspensions  were  given  with  a  pipette.  In  a  number  of  the  experi- 
ments the  yolks  of  eggs  were  employed  which  had  been  artificially 
infected  with  pure  cultures  of  the  organism  by  injecting  relatively 
small  nimibers  directiy  into  the  yolk,  through  the  shell  and  white, 
and  incubated  for  at  least  2  or  3  days.  The  different  animals  were 
weighed  at  frequent  intervals,  usually  each  day,  and  their  general 
condition  was  observed.  Those  that  died  were  subjected  to  post- 
mortem examination,  with  a  special  effort  to  determine  the  presence 
or  absence  of  Bacterium  puUorum  in  the  blood  of  the  internal  organs. 

In  Table  I  are  given  the  results  of  the  infection  experiments  with 
rabbits,  in  so  far  as  the  weights  and  deaths  are  concerned.  It  will 
be  seen  that  the  initial  weights  of  the  animals  varied  from  375  to 
2,455  gm.,  the  majority  of  the  rabbits  being  half  grown  or  smaller. 
More  complete  data  are  given  in  the  individual  records  following  the 
table. 

Rabbits  1  and  2  were  fed  large  amounts  of  suspensions  of  five 
different  strains  of  Bacterium  puUorum  (1  to  5  cc.)  daily.  On  the  5th 
day  they  refused  to  eat,  and  died  on  the  7th  and  6th  days.  Pure  ctil- 
tures  of  Bacterium  puUorum  were  obtained  from  the  internal  organs. 
Rabbits  3,  4,  5,  and  6  received  one  large  dose  of  the  organism  with 
the  food.  From  the  blood  of  each  of  these  animals  the  bacterium  in 
question  was  recovered  in  large  nimibers,  after  death.  Rabbits  7  and 
8  were  given  the  surface  growth  of  one  tube  of  slant  agar.    Blood 
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tests  were  again  positive.  Rabbit  9  was  fed  0. 1  of  a  slant  agar  growth. 
Death  occurred  on  the  7th  day.  Bacterium  puUorum  was  demon- 
strated in  the  blood. 

Rabbit  10  received  0.3  of  a  24  hour  slant  agar  culture.  It  con- 
tinued to  gain  weight  for  40  dajrs.  It  was  then  given  0.5  cc.  of  a 
mixture  of  three  strains,  but  continued  to  gain  for  2  weeks.  A  third 
dose  of  0.7  cc.  likewise  had  no  visible  effect. 

Rabbit  12  served  as  a  control  animal,  and  was  therefore  not  sub- 
jected to  an  infection  experiment.  Aside  from,  this  rabbit  there 
were  at  all  times  at  least  two  or  three  rabbits  which  belonged  to  the 
same  lots  as  the  test  animals,  and  which  were  kept  imder  practically 
the  same  conditions,  except  for  the  administration  of  suspensions  of 
Bacterium  puUorum.  None  of  these  stock  rabbits  died  or  showed  any 
indications  of  illness. 

Aside  from  a  loss  of  65  gm..  Rabbit  13  was  apparently  unaffected 
after  receiving  through  a  pipette  2  cc.  of  a  suspension  obtained  by 
washing  three  slant  agar  cultures. 

Rabbits  14  and  15  received  0.5  and  1.0  cc.  respectively  of  the  yolk 
of  incubated  eggs  which  had  been  artificially  infected  with  Bacterium 
puUorum.  Rabbits  16,  17,  18,  and  19  were  given  with  a  pipette  1.5, 
2.0,  3.0,  and  5.0  cc.  of  the  yolk  of  artificially  infected  eggs.  In 
addition  to  losses  in  weight,  and  death  in  each  instance,  there  were 
indications  of  a  diarrheal  condition.  With  the  exception  of  No.  18, 
blood  tests  with  each  of  these  animals  for  Bacterium  puUorum  gave 
positive  results. 

Rabbits  20  and  21  were  kept  as  controls  in  separate  cages.  They 
remained  apparently  normal. 

Rabbit  22  was  a  good  sized  adult  male  which  had  been  suffering 
from  a  large  abdominal  abscess.  Although  the  abscess  was  lanced  it 
continued  visibly  to  affect  the  health  of  the  animal.  10  cc.  of  the 
yolk  of  an  infected  egg  were  given  by  mouth.  On  the  5th  day  there 
were  marked  diarrheal  symptoms,  and  on  the  6th  day  the  rabbit  died. 
Bacterium  puUorum  was  recovered  from  the  heart,  liver,  and  lungs 
in  large  numbers. 

Postmortem  examination  of  the  rabbits  which  died  apparently 
from  the  effects  of  infection  with  Bacterium  puUorum  i^evealed  no  gross 
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lesions  or  other  maxked  pathological  condition.  The  small  intestine 
was  usually  empty  and  decidedly  pale.  At  times  a  light  yellow  viscid 
fluid  was  present  in  the  liunen.  In  the  lower  intestine  the  contents 
were  often  less  firm  than  in  the  normal  rabbit,  and  frequently  there 
was  evidence  of  a  diarrheal  cpndition. 

The  liver  was  more  or  less  congested.  The  surface  was  often 
marked  by  minute  areas  which  appeared  to  be  of  a  necrotic  character. 
Aside  from  some  congestion  the  spleen  and  kidneys  were  to  all  appear- 
ances normal.  No  pathological  condition  of  the  heart  and  lungs  was 
visible  to  the  imaided  eye.  Since  no  investigation  was  made  of  the 
histological  structures  of  the  different  organs  no  details  can  be  given 
as  to  their  minute  pathology. 

The  internal  organs  of  the  cats  that  died  showed  no  marked  path- 
ological appearances,  and  to  a  large  extent  resembled  those  of  the 
rabbits  that  succumbed  to  infection.  Congestion  was  apparent, 
especially  in  the  liver.  Culture  tests  upon  Cats  1,  2,  6,  7,  and  8  gave 
positive  results.  Bacterium  puUorum  being  recovered  with  ease  from 
the  blood  of  the  liver,  kidney,  and  lungs,  except  in  No.  7  in  which 
only  the  Itmgs  contained  the  organism  in  question  in  sufficient  num- 
bers to  obtain  positive  cultures.  Agglutination  tests  with  positive 
fowl  sera  proved  the  organism  to  be  Bacterium  puUorum. 

The  early  death  of  the  control  animal  was  either  due  to  some  other 
cause  or  agent,  aside  from  Bacterium  puUorum,  or  was  the  result  of 
rapid  infection  of  this  kitten  from  the  vomited  matter  and  diarrheal 
discharges  of  other  kittens  that  were  the  first  to  be  seriously  affected. 
These  experiments  on  kittens  are  to  be  repeated,  with  enough  controls 
kept  in  separate  cages  to  make  the  results  as  conclusive  as  possible. 

White  Rats, — Four  white  rats  weighing  from  100  to  250  gm.  were 
used  in  these  experiments.  They  were  given  one  large  dose  of  Bac- 
terium puUorum  in  a  water  suspension.  None  of  the  animals  showed 
any  signs  of  discomfort  or  illness  after  the  treatment,  and  all  continued 
to  increase  in  weight  for  the  entire  observation  period  of  24  days. 
The  rats,  although  small  as  compared  with  adults,  were  apparently 
unaffected  by  one  treatment  with  the  Qrganism  (3  to  5  cc.  of  the 
suspension). 
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DISCUSSION. 

The  foregoing  data  on  the  oral  administration  of  Bacterium  puUorum 
can  leave  no  doubt  as  to  the  so  called  toxicity  of  this  organism  for 
yomig  rabbits  when  given  by  mouth.  The  results  of  the  feeding 
experiments  with  kittens  of  different  ages  are  less  conclusive,  and 
require  further  substantiation,  in  view  of  the  fact  that  there  was  no 
satisfactory  control.  They  are  strongly  indicative,  however,  of  a 
most  harmful  influence  exerted  by  relatively  large  numbers  of  the 
organism  when  administered  by  mouth.  The  symptoms  of  the  dis- 
turbance produced  in  the  kittens  were  those  of  a  food-poisoning 
organism,  especially  the  vomiting  and  diarrhea,  and  the  extreme 
emaciation.  The  possibility  that  these  symptoms  are  due  to  a  com- 
plication of  disturbing  factors,  cannot  be  entirely  ignored,  however. 

Adult  guinea  pigs  are  but  slightly  susceptible  to  Bacterium  puUorum^ 
when  ingested,  though  six  of  the  eleven  animals  employed  died,  some 
early  and  others  late  in  the  periods  of  observation.  With  but  one  or 
two  exceptions,  they  were  given  large  amounts  of  the  organism. 
Further  experiments  with  guinea  pigs  are  now  in  progress.  Rats, 
according  to  the  above  data,  are  immune  to  disturbing  influences  of 
Bactenum  puUorum  when  it  is  given  by  the  mouth,  even  in  large  num- 
bers. 

Although  there  are  no  cases  on  record  of  food-poisoning,  enteritis, 
or  other  ailments  in  man  which  have  been  ascribed  to  Bacterium 
pullorum,  the  possibility  of  danger  from  infection  with  this  organism 
can  no  longer  be  ignored,  especially  in  so  far  as  invalids  and  yoimg 
children  are  concerned.  Eggs  are  among  the  most  common  articles 
of  diet,  and  for  the  sick  and  convalescent  as  well  as  for  children  of  all 
ages  they  often  rank  with  milk  as  one  of  the  most  important  foods. 
Not  only  are  they  consumed  soft  boiled,  but  they  are  frequently 
prescribed  in  the  raw  state. 

Fresh  eggs,  when  they  are  infected  with  Bacterium  puUorum,  con- 
tain this  organism  in  such  small  nimibers  as  to  constitute  no  real 
danger  of  disturbance  even  for  the  most  infirm,  or  for  the  smallest 
infants.  It  has  been  conclusively  demonstrated,  however,  that  the 
organism  multiplies  very  rapidly  in  the  yolks  of  infected  eggs,  when 
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the  eggs  are  held  at  or  near  so  called  incubator  temperature/  Hence, 
eggs  which  are  left  in  the  nest  under  broody  hens  for  but  compara- 
tively few  hours,  or  which  are  not  kept  in  cool  places  during  storage 
and  transportation,  especially  during  the  warm  summer  months,  har- 
bor the  organism  in  large  numbers.  In  fact,  they  are  so  abimdant 
that  the  inoculation  of  the  surface  of  slant  agar  with  but  a  small 
portion  of  the  yolk  held  in  a  platinum  loop  results  in  the  production 
of  an  almost  solid  surface  growth  on  the  agar. 

It  has  also  been  shown  that  in  various  sections  of  this  country  a 
large  percentage  of  the  flocks  and  of  the  individual  hens  are  perma- 
nent carriers  of  white  diarrhea  {Bacterium  puUarum)  infection.  In 
the  survey  of  the  conditions  in  Connecticut  it  was  foxmd  that  out  of 
107  flocks  which  were  tested  for  ovarian  infection  with  Bacterium 
puUorum  19 y  or  74  per  cent,  possessed  bacillus  carriers,  and  of  a  total 
of  13,831  fowls  that  were  subjected  to  the  agglutination  test  1,417,  or 
10.24  per  cent,  gave  positive  indications  of  ovarian  infection.^  In  an 
investigation  recently  conducted  in  Massachusetts  similar  results 
were  obtained.'  In  some  flocks  over  50  per  cent  of  the  individual 
fowls  that  were  tested  were  reactors.  The  same  condition  undoubt- 
edly prevails  throughout  a  large  part  of  the  Coxmtry,  though  no  de- 
finite figures  have  been  obtained  outside  of  Connecticut  and  Massachu- 
setts. 

The  common  methods  of  boiling  or  frying  infected  eggs  for  the  table 
do  not  necessarily  render  the  eggs  sterile,  in  so  far  as  Bacterium 
puUorum  is  concerned,  as  the  following  data  will  show. 

The  Survival  of  Bacterium  puUorum  in  the  Yolks  of  Eggs  after  Various 
Methods  of  Treatment  with  Heat.    The  Influence  of  Cooking. 

These  experiments  were  carried  on  with  eggs  which  were  artificially 
infected  with  Bacterium  puUorum  in  the  following  manner.    Fresh 

'Rettger  and  Stonebum,  BviH.  Storrs  Agricultural  Experiment  Station,  1911, 
No.  68.  Rettger,  Kirkpatrick,  and  Jones,  BuU.  Starrs  Agricultural  Experiment 
StaHan,  1914,No.  77.    RetigfiT,CentralbLf.  Bakteriol.,  2U  Abt.,  1913-14,  zxzix,611. 

'  Rettger,  Kirkpatrick,  and  Jones,  Bull.  Starrs  Agricultural  Experiment  Station, 
in  press. 

^  Gage,  G.  £.,  and  Paige,  B.  H.,  Bull.  Massachusetts  Agricultural  Experiment 
Station,  1915,  No.  163. 
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eggA  were  immersed  for  a  few  minutes  in  alcohol,  and  one  of  the 
ends  was  flamed.  A  small  hole  was  made  through  the  shell  without 
injuring  the  shell  membrane.  The  eggs  were  then  inoculated  by 
injecting  about  0.25  cc.  of  a  water  suspension  of  the  organism  with  a 
sterile  hypodermic  syringe  directly  into  the  yolk.  The  hole  was 
sealed  with  collodion  and  the  eggs  were  incubated  for  varying  lengths 
of  time,  usually  3  to  5  days. 

Infected  eggs  were  placed  in  boiling  water,  and  held  there  for  dif- 
ferent lengths  of  time.  They  were  then  chilled  in  cold  water  and 
opened  aseptically.  Small  amounts  of  yolk  were  streaked  over  the 
surface  of  slant  agar  and  the  tubes  incubated  at  37^C.  The  results 
are  given  in  Table  IV. 

TABLE  IV. 


Time  of  boiling. 

Coagulation  of 
white. 

Thickening  of 
yolk. 

Growth!  of  BteteHum  fmOormm 
on  ilaat  agar. 

1 

0 
0 

SUght. 

+ 

+ 

0 

0 

0 

Slight. 

+ 
+ 

4- 

2 

4- 

2* 

0  4-   4-   4-   +   + 

*•*•  ••••••••••• 

3 

0  0  0  4-  +  4-  + 

31 

0000004-4-4-  + 

«#2.  .••••■<•«■■ 

4 

0  0  0  4-  4- 

"  ^^  "    1     1 

In  the  last  column  0  indicates  no  growth,  and  +  the  characteristic  growth 
of  Bacterium  puUorum,  Each  0  and  +  sign  represents  an  individual  egg.  The 
variation  in  the  results  of  the  different  eggs  is  undoubtedly  due  to  differences  in 
the  size  of  the  eggs  and  the  thickness  of  the  shells,  and  perhaps  in  part  to  the 
differences  in  the  numbers  of  bacteria  in  the  eggs. 


Poaching  the  eggs  for  |  to  4  minutes  rendered  them  sterile.  Arti- 
ficially infected  eggs  that  were  scrambled  were  likewise  found  to  con- 
tain no  viable  organisms.  On  the  other  hand,  fried  and  coddled  eggs 
gave  varied  results,  as  will  be  seen  in  the  following  brief  summaries. 

In  all  the  foregoing  experiments  control  tests  were  made  with 
eggs  that  had  been  inoculated  and  mcubated  in  the  same  way  as  the 
others.  No  difficulty  was  experienced  in  obtaining  an  abundance  of 
the  bacilli  in  the  yolks  after  the  various  periods  of  incubation  of  the 
eggs. 
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It  should  be  stated  that  all  these  experiments  were  conducted  at  an 
altitude  of  700  feet  above  sea  level,  where  the  boiling  point  of  water  is 
99.2°C. 

TABLE  V. 

The  Effect  of  Frying. 


Physical  character  of 
heated  eggs. 

Growth  on  dant  agar. 

Frying  on  one  side  only. 

Soft. 

Medium. 

Hard. 

+  +  +  + 
+  + 

+ 

Frying  on  both  sides. 

Soft. 

Medium. 

Hard. 

00 
00 
00 

TABLE  VI. 

The  Effect  of  Coddling. 


Time  of  heating. 

Growth  on  dant  agar. 

wUn. 

3 

0  + 

3§ 

0  0 

4 

0  +  +  + 

4J 

+ 

5 

0  0 

7 

0 

10 

0 

The  eggs  were  coddled  by  pouring  boiling  water  over  them  in  a  granite  recep- 
tacle and  allowing  them  to  stand  away  from  a  flame  or  stove  for  the  different 
lengths  of  time.    About  1  quart  of  water  was  employed  for  each  egg. 


The  experiments  on  the  viability  of  Bacterium  puUorum  in  egg  yolk 
after  var3ang  periods  of  heating  show  that  the  organism  imder  the 
stated  conditions  possesses  a  high  degree  of  resistance.    Even  boil- 
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ing  for  4  minutes  did  not  in  every  instance  destroy  it.  This  resistance 
is  due  iindoubtedly  to  the  peculiar  protection  which  is  afforded,  first 
by  the  shell,  then  by  the  egg  white,  and  finally  by  the  yolk  itself. 
The  high  per  cent  of  fat  in  the  yolk  is  undoubtedly  an  important  factor. 

It  has  been  demonstrated  by  Smith'  and  others  that  tuberde  bacilli  are  less 
readily  killed  by  the  ordinary  process  of  pasteurization  when  they  are  held  in  the 
film  or  pellicle  layer  of  milk  than  in  the  whole  or  mixed  milk. 

Other  organisms  of  the  colon-paratyphoid-typhoid  group  would  undoubtedly 
show  the  same  resistance  under  similar  conditions  of  environment.  Chante- 
messe  and  Rodriguez^^  report  an  epidemic  of  food-poisoning  which  was  due  to 
cream  cakes.  The  meringue  of  the  cakes  was  found  to  contain  a  peculiarly  toxic 
microorganism  of  the  BaciUus  paratyphi  type,  and  although  the  meringue  had  been 
heated  to  browning  numerous  bacilli  of  this  type  were  found  in  the  interior  por- 
tion. Quite  recently  a  small  epidemic  of  typhoid  fever  was  pronounced  to  have 
been  caused  by  the  consumption  of  baked  spaghetti.^^  The  typhoid  bacillus 
was  readily  identified  in  the  inner  portion  of  spaghetti  that  was  artificially  inocu- 
lated and  baked,  in  spite  of  the  fact  that  the  dish  was  subjected  to  sufficient 
heat  to  brown  the  surface  and  to  char  the  protruding  ends  of  the  spaghetti  sticks. 

SUMMARY  AND  CONCLUSIONS. 

The  problem  of  eradicating  ovarian  infection  in  the  domestic  fowl 
assimies  still  greater  importance  than  heretofore,  in  the  Ught  of  data 
recently  acquired.  Not  only  is  it  of  great  significance  to  eliminate  the 
permanent  carriers  of  Bacterium  puUarum  from  all  flocks  of  fowk 
from  the  standpoint  of  successful  poultry  breeding,  but  also  because 
they  constitute  a  possible  source  of  danger  to  man. 

Eggs  which  harbor  Bacterium  puUorum  in  the  yolk  in  large  numbers 
may  produce  abnormal  conditions,  when  fed,  not  only  in  yoimg 
chicks,  but  in  adult  fowls,  yoimg  rabbits,  guinea  pigs,  and  kittens. 
The  toxicity  for  yoimg  rabbits  is  most  pronounced,  the  infection 
usually  resulting  in  the  death  of  the  animals.  In  kittens  the  most 
prominent  symptoms  are  those  of  severe  food-poisoning  with  members 
of  the  paratyphoid  group  of  bacteria.  The  possibility  of  infected 
eggs  causing  serious  disturbances  in  young  children  and  in  the  sick 

•  Smith,  T.,  Jour.  Exper.  Med.,  1899,  iv,  217. 

^®  Chantemesse  and  Rodriguez,  Bull.  Acad,  de  mid.,  1914,  Ixxi,  245;  Abstract 
in  Experiment  Station  Record,  1914,  zzxi,  555. 
"  Johnston,  H.,  Health  News,  1915,  zzzi,  173. 
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and  convalescent  of  all  ages  must  therefore  receive  serious  consider- 
ation. 

Ovarian  infection  of  fowls  is  very  common  throughout  this  country. 
Hence,  a  large  proportion  of  the  marketed  eggs  are  infected  with  Bac- 
terium puUorum.  When  such  eggs  are  allowed  to  remain  in  nests 
under  broody  hens,  or  in  warm  storage  places,  for  comparatively 
few  hours,  they  contain  large  numbers  of  the  organism. 

Soft  boiling,  coddling,  and  frying  on  one  side  only  do  not  necessarily 
render  the  yolks  free  from  viable  bacteria;  therefore,  eggs  which  have 
gone  through  these  processes  may,  like  raw  eggs,  be  the  cause  of 
serious  disturbances  in  persons  who  are  particularly  susceptible  to 
such  influences,  and  especially  to  infants. 

That  no  well  authenticated  instances  of  egg-poisoning  of  this  kind 
are  on  record  does  not  warrant  the  assumption  that  there  have  been 
no  cases.  The  etiology  of  infantile  stomach  and  intestinal  disturb- 
ances is  as  yet  too  little  understood;  in  fact,  it  may  be  said  that  many 
of  these  disorders  have  no  known  cause,  and  almost  as  much  may  be 
said  r^arding  gastro-intestinal  diseases  in  later  life.  Furthermore, 
since  the  ailments  caused  by  infected  eggs  would  not  make  themselves 
felt  presumably  until  several  days  after  their  ingestion,  little  or  no 
suspicion  would  fall  upon  the  eggs.  It  may  be  said,  too,  that  the  wide 
distribution  of  ovarian  infection  in  the  domestic  fowl  has  come  about 
only  in  the  last  few  years,  hence  its  possible  danger  to  man  is  one  of 
recent  development. 


SERUM  CHANGES  AND  THE  CAUSE  OF  DEATH  IN 

EXPERIMENTAL  PANCREATITIS. 

Studies  on  Ferment  Action.    XXX. 

By  WILLIAM  PETERSEN,  M.D.,  JAMES  W.  JOBLING,  M.p.,  and 

A.  A.  EGGSTEIN,  M.D. 

{Prom  the  Department  of  Pathology ,  Medical  Department^  VanderbUt  University, 

NaskoiUe) 

(Received  for  publication,  January  26,  1916.) 

Incidental  to  a  study  of  the  ferment  balance  of  the  serum  during 
various  pathological  conditions  we  have  had  occasion  to  observe  the 
senun  changes  in  a  series  of  eighteen  dogs  in  which  an  acute  exi>eri- 
mental  pancreatitis  had  been  produced. 

Various  theories  have  been  advanced  to  accoimt  for  the  marked 
intoxication  resulting  from  an  acute  pancreatitis.  Opie  (1)  in  this 
country,  and  Eppinger  (2),  P61ya  (3),  von  Bergmann  and  Guleke  (4), 
and  numerous  other  workers  in  Europe  have  fully  discussed  the  prob- 
lem. The  changes  in  the  lipase  titer  have  been  reported  by  Whipple 
and  Goodpasture  (5). 

Most  workers  are  convinced  that  an  activation  (probably  intra- 
ceUular)  of  the  tryptic  proenzyme  occurs  with  a  resulting  intoxication 
of  the  animal  because  of  the  sudden  formation  and  absorption  of  toxic 
split  products.  Coincident  with  this  change  there  may  occur  a 
saponification  of  fats  due  to  the  simultaneous  activation  of  the 
pancreatic  lipase  with  a  further  injury  to  the  pancreatic  tissue  by  the 
soaps  so  formed.  The  means  of  activation  of  these  ferments,  result- 
ing from  a  primary  injury,  may,  of  course,  be  diverse:  bacterial  in- 
fection, either  through  the  ducts  or  l3anphatics;  mechanical  blocking 
of  the  ducts  and  activation  from  bile;  or  activation  from  enterokinase 
and  from  tissue  juice  resulting  from  direct  trauma,  possibly  from 
injury  following  vascular  changes.  While,  therefore,  the  primary 
factor  may  be  diverse,  the  resulting  pathological  lesions  and  the  cause 
of  death  are  uniform. 
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In  the  following  illustrative  experiments  three  different  substances 
were  injected  as  activators:  bile  salts,  as  first  recommended  by 
Flexner  (6),  active  trypsin  solutions,  and  sodium  oleate  solutions. 

These  experiments  and  the  charts  of  the  serum  changes  follow. 

Dog  1. — ^Weight  4.5  kilos.  0.2  gm.  of  bile  salts  was  injected  into  the  pan- 
creatic duct  with  subsequent  ligation,  at  9.30  a.m.  on  May  10,  1915.  Serum 
samples  were  collected  before  the  operation,  at  10  and  11  a.m.,  and  at  1  and  3 
p.m.  on  each  of  the  following  2  days  and  after  about  3  weeks  (June  3,  1915). 
The  serum  changes  are  shown  in  detail  in  Text-fig.  1. 

The  animal  was  killed  on  June  3,  1915.  The  pathological  changes  noted  at 
autopsy  were  as  follows:  The  pancreatic  duct  was  occluded.  The  body  of  the 
pancreas  was  atrophic,  fibrous,  with  large  areas  of  fatty  change  and  small  necrotic 
fod  containing  caseous  material.  The  tail  of  the  pancreas  showed  less  change. 
The  viscera  presented  no  pathological  alteration  other  than  fatty  changes. 

Dog  2. — ^Weight  5  kilos.  1  gm.  of  sodium  oleate  was  injected  into  the  pan- 
creatic duct  with  subsequent  ligation,  at  11.30  a.m.  (May  14, 1915).  Serum  sam- 
ples were  collected  before  the  operation  at  11.50  a.m.,  and  at  1.30  and  3.30  pjn. 
on  the  3  succeeding  days,  and  after  several  weeks  (June  4, 1915).  The  dog  was 
kiUed  after  being  used  in  another  experiment.  The  serum  changes  are  shown 
in  detail  in  Text-fig.  2.  The  findings  at  autopsy  were  as  follows:  The  pancreatic 
tissue  was  represented  by  a  small  remnant  about  one-fourth  the  size  of  the  original 
tissue,  rather  firm,  and  pale  yellow  in  color.  The  duct  was  occluded  and  there 
were  numerous  firm  adhesions  to  the  adjoining  viscera.  Scattered  throughout 
the  remnants  of  the  gland  were  small  more  or  less  caseous  areas  of  necrosis. 

Dog  3. — ^Weight  5.1  kilos.  0.2  gm.  of  trypsin  (purified)  was  injected  into  the 
pancreatic  duct,  with  subsequent  ligation,  at  9.10  a.m.  (June  7,  1915).  Serum 
samples  were  collected  before  the  operation  at  9.45  a.m.,  noon,  and  3  p.m.,  and 
at  8.30  a.m.  and  2  p.m.  the  following  day.  The  animal  died  at  2.15  p.m.  (June 
8,  1915).    The  serum  changes  are  shown  in  detail  in  Text-fig.  3. 

The  autopsy  findings  were  as  follows:  On  opening  the  abdominal  cavity 
a  considerable  amount  of  sterile,  hemorrhagic,  opaque  fluid  was  found.  This 
exudate  contained  0.28  mg.  of  non-coagulable  nitrogen  per  cc,  and  had  a  slight 
antitryptic  action.  Incubated  under  toluol  the  non-coagulable  nitrogen  increased 
0.27  mg.,  and  under  chloroform  1.72  mg.  in  16  hours,  indicating  the  presence  of 
considerable  amounts  of  proteolytic  ferments.  The  pancreatic  tissue  was  hemor- 
rhagic and  contained  numerous  areas  of  necrosis  throughout;  there  were  niunerous 
areas  of  fat  necrosis  scattered  over  the  omentum.  Fibrinous  adhesions  were 
found  about  the  pancreas  and  adjacent  viscera. 

In  the  first  animal  the  injection  of  bile  salts  caused  only  a  moder- 
ate pancreatitis,  although  at  the  time  the  abdomen  was  dosed  after 
the  injection  a  thorough  infiltration  of  the  pancreatic  tissue  was  noted. 
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TkxT-FlO.  1.  Senim  changes  accompanying  acute   pancreatitis  due  to  bile 
nit  injections. 


Text-Fig.  2.  Serum   changes  accompanying   acute  pancreatitis  du< 
injections. 
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Text-FIo.  3.  Serum  changes  accompanying  acute  pancreatitis  due  to  trypsin 
injectioDA. 
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No  increase  in  temperature  resulted;  only  a  moderate  leukocytosis 
and  that  only  for  a  short  period  of  time.  Immediately  after  the 
operation  the  antiferment  increased  while  the  protease  decreased; 
the  balance  was  restored  to  a  normal  level  the  following  day.  The 
serum  lipase  increased  slightly.  There  was  noted  a  marked  increase 
in  serum  proteoses  during  the  period  following  the  operation;  after 
3  weeks  a  normal  value  was  again  found.  The  amino  nitrogen  in 
this,  as  in  the  other  animals,  showed  only  very  slight  changes. 

In  the  third  dog  the  injection  of  the  trypsin  resulted  in  a  rapidly 
fatal  intoxication  and  it  will  be  observed  that  the  serum  changes 
were  different.  There  was  a  marked  leukocytosis — ^80,000 — ^as  an 
index  of  the  intoxication,  with  a  progressive  decrease  in  temperature. 
The  antiferment,  after  a  short  rise,  declined  progressively,  while  the 
serum  protease  increased  and  remained  high.  The  proteoses,  after 
a  slight  initial  decrease,  frequently  observed  in  the  period  following 
the  mobilization  of  protease,  increased  markedly.  There  was  only 
a  slight  change  in  the  lipase. 

The  picture  closely  resembles  the  condition  foimd  in  true  trypsin 
shock  (7),  except  in  the  behavior  of  the  serum  lipase.  In  conjunction 
with  Experiment  2  it  would  seem  that  the  decrease  in  the  antiferment 
and  the  increase  in  protease  have  had  some  relation  to  the  fatal  out- 
come in  this  case. 

In  the  second  dog  in  which  soap  was  injected,  we  find  the  reverse 
of  the  preceding  changes,  as  might  be  expected  from  the  difference 
in  the  action  of  the  substances.  The  tissue  destruction  was  quite 
marked  and  the  whole  pancreas  even  before  closing  the  abdomen 
presented  a  deeply  engorged,  hemorrhagic,  semitranslucent  mass 
almost  twice  the  normal  size.  It  will  be  observed  that  the  leuko- 
cyte coimt  was  also  high — 100,000  after  24  hours.  Despite  the 
severity  of  the  local  process  the  serum  changes  were  slight  and  the 
animal  showed  little  evidence  of  a  general  intoxication.  The  anti- 
ferment increased  immediately,  but  the  serum  picture  was  practi- 
cally imaltered  after  24  hours.  The  lipase  remained  low.  As  con- 
trasted with  the  two  previous  animals  it  will  be  seen  that  the  increase 
in  proteoses  was  not  only  delayed  but  actually  less  in  amount. 
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DISCUSSION. 

From  the  series  of  animals,  of  which  these  three  are  representative, 
we  believe  that  we  are  justified  in  assuming  that  death  is  due  to  the 
sudden  flooding  of  the  blood  stream  with  the  higher  split  products 
formed  at  the  expense  of  the  pancreatic  tissue,  of  which  the  proteose 
increase  is  an  index.  Except  in  the  experiments  in  which  active 
trypsin  is  used  for  injection  there  is  no  increase  in  senmi  protease 
at  any  time,  as  would  be  expected  if  the  intoxication  were  a  true 
tr3^sin  shock,  nor  is  there  much  change  in  serum  lipase  (esterase), 
the  condition  in  this  respect  resembling  closely  the  results  observed 
following  the  injection  of  protein  split  products  (8). 

Here,  as  in  other  protein  intoxications  (9)  the  increase  in  antif  erment 
seems  to  be  of  distinct  value  in  the  protection  of  the  animal;  in  the 
experiment  in  which  soap  was  used  for  the  injection  this  becomes 
apparent.  The  increase  in  antif  erment  was  marked,  while  the  delay 
in  the  digestion  of  the  pancreas  and  the  consequent  lessening  of  the 
shock  is  indicated  by  the  gradual  and  relatively  small  increase  in  the 
amount  of  proteoses  present  in  the  serum. 

In  view  of  Whipple's  results  concerning  the  non-toxidty  of  the 
abdominal  exudate  (5)  and  our  own  experiments,  it  would  seem  that 
the  only  beneficial  effects  which  might  possibly  have  accrued  from 
operative  interference  in  cases  of  human  pancreatitis  have  resulted 
from  the  prolonged  anesthesia  rather  than  from  the  surgical  drainage. 
The  inhibitory  effect  of  anesthetics  on  the  development  of  toxicity 
for  protein  intoxication  is  well  known. 

CONCLUSIONS. 

1.  The  serum  changes  observed  during  acute  experimental  pan- 
creatitis indicate  that  the  shock  and  death  are  due  to  an  intoxication 
from  protein  split  products,  and  not  to  an  intoxication  from  pure 
tryptic  ferment. 

2.  When  the  pancreatitis  is  produced  by  the  injection  of  an  anti- 
proteolytic  substance  (sodium  oleate),  the  degree  of  intoxication 
bears  no  relation  to  the  degree  of  tissue  destruction. 

3.  The  increase  in  serum  antiferment  apparently  favors  the  recovery 
of  the  animal. 
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As  a  result  of  the  work  of  MacCalluin  and  his  coworkers  (1),  our 
knowledge  concerning  disturbances  of  the  inorganic  constituents  of 
the  blood  serum  particularly,  following  the  removal  of  the  parathy- 
roids has  been  greatly  advanced,  and  the  antagonistic  effect  of  the 
caldum  ions  established. 

Certain  observations  have  accimiulated,  largely  of  a  clinical  nature, 
which  seem  to  indicate  that  in  the  tetany  of  infancy  dietary  factors 
are  of  considerable  importance  both  from  an  etiological  and  ther- 
apeutic point  of  view.  The  spasmophilic  infant  rapidly  recovers 
on  a  proper  diet,  and  the  evidence  seems  to  indicate  that  phosphorus 
and  certain  of  the  unsaturated  oils  are  of  aid  in  expediting  a  favorable 
outcome. 

In  adults,  too,  we  have  to  consider  the  peculiar  form  of  tetany 
associated  with  gastric  and  occasionally  intestinal  distiurbances,  imder 
conditions,  therefore,  which  may  be  considered  to  offer  opportimities 
for  the  absorption  of  the  higher  split  products  of  proteins,  the  gastric 
digestion,  of  course,  only  splitting  through  to  the  peptones. 

Experimentally  the  observation  has  been  frequently  recorded  that 
the  feeding  of  meats  is  particularly  prone  to  lead  to  the  onset  of  tetany 
in  parathyroidectomized  dogs. 

Considerations  such  as  these  probably  led  Kling  (2)  to  study  the 
electric  excitability  of  animals  during  anaphylaxis,  in  an  effort  to 
correlate  the  increased  irritability  of  tetany  with  an  anaphylactic 
state  depending  on  a  protein  intoxication. 
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Our  knowledge  concerning  the  pathological  effects  of  a  faulty 
absorption  of  the  higher  split  products  of  proteins  from  the  gastro- 
intestinal tract  is  as  yet  fragmentary,  despite  the  obvious  clinical 
evidence  pointing  in  this  direction.  It  has  been  observed,  however, 
that  in  gastric  tetany  a  gastro-enterostomy  usually  relieves  the  con- 
dition, the  operative  interference  probably  enabling  a  more  rapid 
emptying  of  the  stomach  to  the  intestine  with  an  augmented  splitting 
of  the  protein  contents  to  lower  stages.  Kaufmann's  work  is  of  par- 
ticular interest  in  this  connection  (3). 

In  the  few  cases  of  true  intestinal  tetany  that  have  been  reported, 
there  is  considerable  evidence  that  an  achylia  gastrica  frequently 
complicates  the  picture,  which  again  would  offer  every  opportunity 
for  a  rapid  absorption  of  the  higher  split  products  from  the  intestine, 
which  under  normal  conditions  is  only  afforded  an  opportunity  to 
absorb  the  lower  split  products  (Fleiner  (4),  Quosig  (5)).  The  re- 
lation of  tetany  in  infants  is  of  particular  interest  in  this  connection; 
for  substances  which  tend  to  increase  the  antiferment  titer — ^un- 
saturated fats,  phosphorus — ^have  on  empiric  grounds  been  employed 
in  the  therapy  of  spasmophilia  for  many  years,  indicating  that  a 
suppression  of  a  possibly  faulty  splitting  of  proteins  may  form  the 
basis  for  this  theory.  Our  interest  in  experimental  tetany  has  cen- 
tered chiefly,  therefore,  in  a  study  of  the  changes  of  the  serum  and  the 
relative  amounts  of  split  products  therein  contained. 

The  experiments  were  made  on  dogs.  Th3rroparath}rroidectomy 
was  performed  in  fifteen  animals,  and  the  serum  changes  were 
studied.  The  following  two  experiments  are  typical  of  the  relations 
noted. 

Dog  1. — ^Weight  5  kilos.  G)mplete  thyroparathsnroidectomy  on  June  1,  1915. 
Tetany  was  observed  on  the  3rd  day  following  the  operation;  on  the  4th  day  the 
dog  showed  no  symptoms;  but  on  the  next  day  Qime  5, 1915)  there  was  marked 
tetany.  The  animal  was  found  dead  the  following  morning.  In  Text-fig.  1  the 
serum  changes  are  illustrated  in  detail. 

Dog  2, — ^Weight  8  kilos.  Complete  thyroparathyroidectomy  on  June  8,  1915. 
Tetany  was  noted  in  the  afternoon  of  June  10,  1915,  again  in  the  following  after- 
noon, and  the  next  morning  Qune  12,  1915),  when  the  animal  was  killed. 
The  serum  changes  are  shown  in  Text-fig.  2. 

In  the  first  dog  there  will  be  noted  a  gradual  increase  in  the  anti- 
ferment  titer  imtil  the  time  of  death,  with  an  irregular  protease  curve. 
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Tncr-Flc.  !■    Serum  changes  following  thyioparathyFoidectomy  in  Dog  1. 
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Text-Fig.  2.     Serum  changes  following  thyroparatliyroidectomy  in  Dog.  2. 
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The  maximum  protease  activity  was  noted  in  the  animal  during  the 
time  when  the  tetany  was  most  apparent.  The  non-coagulable 
nitrogen  of  the  senun  increased  to  more  than  twice  the  original  amount. 
The  lipase  remained  constantly  low.  The  proteoses  increased  mark- 
edly. The  amino  nitrogen  of  the  serum  in  this  animal  showed  no 
change  except  an  initial  decrease. 

In  Experiment  2  (Dog  2)  the  conditions  are  different.  The  anti- 
ferment  titer  showed  marked  fluctuation,  the  first  decline  appearing 
shortly  after  the  operation.  The  protease  remained  low  until  the 
last  day,  but  the  non-coagulable  nitrogen  increased  as  in  the  previous 
animal;  the  proteoses  also  accimiulated  during  the  period  of  tetany. 
The  increase  in  amino-adds  is  similar  to  that  observed  in  practically 
aU  the  other  animals  during  tetany.  This  is  the  only  animal  of  the 
entire  series  in  which  a  rise  in  the  lipase  titer  was  observed. 


DISCUSSION. 

It  is  apparent  that  the  ferment  changes  in  these  animals  are  not 
in  themselves  related  to  the  onset  of  tetany,  because  the  protease 
and  lipase  titers,  as  well  as  the  antiferment  index,  have  no  constant 
relation  at  any  time.  It  is  equally  apparent  that  a  considerable 
accumulation  of  non-coagulable  nitrogen  occurs  in  the  serum  long 
before  the  onset  of  the  actual  tetany. 

Thus  an  average  of  all  the  dogs  examined  gives  the  following  figures 
for  the  non-coagulable  nitrogen  per  cc.  of  serum: 


Before  opecmtion. 

24  hn. 

48  hn. 

72  hn. 

96  hn. 

0.21  mg. 

0.31  mg. 

0.39  mg. 

0.50  mg. 

0.44  mg. 

The  average  proteose  content  per  5  cc.  of  serum  was  as  follows: 

24  hn. 

48hrs. 

72  hn. 

96  hn. 

0.41  mg. 

0.50  mg. 

0.58  mg. 

0.74  mg. 

0.84  mg. 

In  four  animals  of  the  series  the  onset  and  recovery  from  tetany 
followed  at  equal  time  intervals,  and  the  amino-add  content  of  the 
serum  per  cc.  has  been  averaged  under  comparable  conditions. 
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Before  opention. 

24  hn. 

48  hn. 

72  hn. 

96  hn. 

0.48  mg. 

0.48  mg. 

0.59  mg. 

0.54  mg. 

0.59  mg. 

Operated. 

No  tetany. 

Tetany. 

No  tetany. 

Tetany. 

Some  observers,  among  them  Morel  (6),  consider  the  pathological 
effect  of  the  parathyroidectomy  due  to  an  auto-intoxication,  regarding 
the  tetany  as  a  secondary  character.  An  increased  nitrogenous 
metabolism  following  the  removal  of  the  parathyroids  is  well  recog- 
nized, but  it  is  difficult  to  obviate  the  effect  of  the  tremendous  muscular 
stimulation  in  the  interpretation  of  the  resxilt.  It  is  interesting  to 
note  that  Falta  and  Kahn  (7)  noted  an  increase  in  the  peptide  nitrogen 
of  the  urine  in  their  animals,  a  result  possibly  of  the  large  increase  in 
the  serum  which  we  have  observed. 

Whether  or  not  the  alteration  in  the  nitrogenous  constituents 
indicated  by  the  serum  and  urine  changes  is  wholly  the  result  of  the 
increased  muscular  activity  due  to  the  increased  irritability  of  the 
nervous  system,  or  whether  the  change  in  these  constituents  from  a 
quantitative  and  possibly  a  qualitative  point  of  view  is  the  cause  of 
the  increase  of  irritability  of  the  nervous  S3rstem,  is,  of  course,  not 
determined  in  these  experiments. 

During  the  course  of  the  work  it  was  observed  that  despite  the 
marked  fluctuation  of  the  senmi  protease  the  titer  of  the  serum 
lipase  remained  constantly  at  a  very  low  level.  Stuber  and  Heim  (8) 
have  previously  expressed  the  opinion  that  the  titer  of  the  serum 
lipase  (esterase)  was  at  least  partially  under  the  control  of  the  glands 
of  internal  secretion.  In  a  series  of  dogs  we  have  injected  dried 
typhoid  bacteria  (10  to  20  mg.),  which  normally  cause  a  prompt  and 
not  inconsiderable  mobilization  of  senmi  lipase,  into  the  circulation 
of  thyroparathyroidectomized  dogs  and  into  dogs  after  complete 
parathyroid  and  partial  thyroid  removal.  In  the  majority  of  in- 
stances the  mobilization  of  lipase  has  been  less  constant  and  of  less 
magnitude  than  in  normal  dogs,  but  the  experiments  are  not  suffi- 
ciently dear  cut  to  warrant  the  conclusion  of  a  definite  relation 
between  the  glandular  function  and  the  lipase  titer. 


W.   PETERSEN,  J.   W.  J0BLIN6,  AND  A.  A.  EGGSTEIN  505 

CONCLUSIONS. 

1.  In  thyroparathyroidectomized  dogs  the  onset  of  tetany  bears  no 
constant  relation  to  the  ferment-antiferment  balance  of  the  serum. 

2.  The  serum  lipase  titer  remains  at  a  low  level  throughout. 

3.  A  progressive  increase  in  non-coagulable  nitrogen  and  proteoses 
is  observed  in  the  serum  following  the  removal  of  the  glands. 

4.  The  amino  nitrogen  of  the  serum  is  usually  increased  at  the  time 
when  tetany  is  most  marked. 
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HISTORICAL. 

Claude  Bernard^  was  the  first  to  study  the  elimination  of  sugars  after  intnip- 
venous  administration.  He,  as  well  as  others,'  demonstrated  that  dextrose,  lac- 
tose, or  saccharose,  when  thus  injected  in  laige  quantity,  is  eliminated  in  the  urine. 
Although  working  only  qualitatively,  he*  realized  that  dextrose  was  better  assimi- 
lated imder  these  circumstances  than  saccharose  or  lactose.  The  time  relations 
were  worked  out,  particularly  by  von  Becker,  who  fotmd  after  injecting  1.5  gm. 
of  dextrose  into  rabbits  that  sugar  elimination  by  the  kidneys  began  promptly 
and  continued  for  5  or  6  hours.  Limpert  and  Falck^  did  the  first  quanti- 
tative woric.  Dogs  of  5  or  6  kilos  when  given  5  to  7  gm.  of  dextrose  intravenously 
excreted  only  traces  in  the  urine.  Larger  amounts  led  to  a  slightly  increased 
excretion.  Thus  it  was  shown  early  that  after  intravenous  injection  fairly  large 
amounts  of  dextrose  can  be  retained.  The  proportion  excreted  in  the  urine, 
according  to  von  Brasol*  and  others*  bears  no  constant  relation  to  the  injected 
dextrose;  nor  can  the  duration  qf  the  giycosiuia  be  predicted.  Von  Brasol  also 
found  that  the  degree  and  duration  of  glycosuria  were  not  always  the  same  for 

^Bernard,  C,  Dissertation,  Neue  Funktion  der  Leber  als  zuckerbereitendes 
Organ  des  Menschen  tmd  der  Thiere,  WUrzburg,  1853. 

'Kersting,  Jour.  /.  prakt.  Chem,,  1844,  xxxiii,  58.  Baumert,  M.,  Jour,  f, 
prakL  Chem.y  1851,  liv,  357.  Uhle,  Inaugural  Dissertation,  Leipzig,  1852.  von 
Becker,  F.  J.,  Ztschr,  f,  wissensch.  ZooL,  1854,  v,  123.  All  quoted  by  Limpert, 
L.,  and  Falck,  C.  P.,  Virchaws  Arch,  f,  path.  Anal,,  1856,  ix,  56. 

'  Bernard,  C,  Compt,  rend,  Acad,,  1846,  xxii,  536. 

^  Limpert,  L.,  and  Falck,  C.  P.,  Virchaws  Arch,f,  path,  Anat,,  1856,  ix,  56. 

*  von  Brasol,  L.,  Arch,f,  Physiol,,  1884, 211. 

•  Pavy,  F.  W.,  Jour,  Physiol,,  1899,  xxiv,  479.  Weyert,  F.,  Arch,  f.  Physiol., 
1891,  187.  LiHenfeld,  C,  ZUchr,  f,  dUUet.  u.  physik,  Therap.,  1898-99,  ii,  209. 
Wilenko,  G.  G.,  Arch,  f,  exper.  Path,  u,  Pharm,,  1911,  Levi,  143.  Bang,  I.,  Der 
Blutzucker,  Wiesbaden,  1913,  76. 
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a  given  animal.  Gilbert  and  Camot/  however,  maintained  that  within  certain 
limits  the  proportion  of  sugar  eliminated  is  constant  for  each  animal,  and  Blu- 
menthal*  found  that  the  "assimilation  limit;"  i,e,,  the  amount  which  can  be 
injected  intravenously  without  causing  glycosuria,  is  practically  invariable  for 
each  individual.  The  velocity  of  injection  plays  a  part,  for  Doyon  and  Dufourt* 
found  that  more  is  excreted  after  rapid  than  after  slow  injection.  According  to 
them,  age,  state  of  nutrition,  ligation  of  the  bile  duct,  and  administration  of  alco- 
hol are  apparently  without  influence.  Bang^^  has  shown  that  the  glycosuria  and 
glycemia  do  not  run  parallel.  The  concentration  of  the  injected  sugar  probably 
plays  a  part,  for  Wilenko^^  states  that  concentrated  dextrose  solutions  (40  per 
cent)  produce  the  same  changes  in  renal  permeability  as  concentrated  salt  solu- 
tions; that  is,  first  an  increased  and  then  a  decreased  permeability  for  sugar. 

During  the  injection  of  dextrose  the  blood  sugar  rises  and  afterwards  falls, 
until  it  finally  assumes  a  normal  or  subnormal  figure.  Von  Brasol*  injected  from 
0.9  to  5.3  gm.  per  kilo  of  body  weight  in  4  to  6  minutes.  Analysis  indicated 
that  in  the  first  2  minutes  following  the  injection  some  of  the  sugar  had  already 
left  the  blood;  but  no  direct  ratio  existed  between  the  amount  injected  and  the 
blood  sugar  percentage.  After  2  hours  the  sugar  content  of  the  blood  was  usually 
normal;  with  smaller  doses  (0.9  and  2.3  gm.  per  kilo)  this  level  was  sometimes 
reached  in  1  hour.  Butte^  injected  3  to  10  gm.  of  dextrose  per  kilo  intravenously 
and  noted  the  rapid  fall  of  blood  sugar  to  or  nearly  to  the  normal  level.  With 
4  gm.  per  kilo  for  example,  the  percentage  of  sugar  in  the  blood  ij  hours  after 
the  injection  was  0.353  per  cent,  and  2  hours  after,  0.220  per  cent.  In  no  case 
did  he  find  a  subnormal  figure  as  did  Gr^hant^  who  found  0.036  per  cent  blood 
dextrose  2  hours  after  an  injection  of  6  gm.  of  dextrose  per  kilo.  Pavy^^  found 
in  rabbits  that  the  blood  sugar  fell  rapidly  after  an  intravenous  injection;  for 
example,  immediately  after  4  gm.  per  kilo  had  been  injected,  the  blood  contained 
1.4  per  cent  sugar;  5  minutes  after,  1  per  cent;  and  15  minutes  after,  0.8  per  cent. 
L6pine^  found  that  after  the  injection  of  1  gm.  of  dextrose  per  kilo  slowly  into 
dogs,  the  blood  sugar  fell  in  the  course  of  an  hour  below  0.1  per  cent.  Bang^*  in- 
jected 1  to  2  gm.  per  kilo  intravenously  and  found  that  the  maximum  blood 
sugar  was  reached  2  to  5  minutes  after  the  injection  and  that  the  high  percentage 
was  maintained  for  about  30  minutes,  after  which  a  rapid  fall  to  normal  or  below 

^  Gilbert  and  Camot,  Compt,  rend*  Soc,  de  biol.,  1898,  v,  330. 

•  Blumenthal,  F.,  BcUr. «.  chem.  Pkys.  u.  Path.,  1905,  vi,  329. 

'  Doyon,  M.,  and  Dufourt,  £.,  Jour,  de  pkysiol.  et  de  path,  gin.,  1901,  iii,  703. 
^^  Bang,  I.,  Der  Blutzucker,  Wiesbaden,  1913,  77. 
"  Wilenko,  G.  G.,  Arch.f.  exper.  Path.  u.  Pharm.,  1911,  kvi,  143. 
^  Butte,  L.,  CompL  rend.  Soc.  de  hid.,  1896,  iii,  274. 
«•  Gr^iant,  quoted  by  Butte,  L.,  Compi.  rend.  Soc.  de  bioL,  1896,  iii,  274. 
"  Pavy,  F.  W.,  Jour.  Physiol.,  1899,  xxiv,  479. 
**  Lupine,  R.,  Le  diabite  sucr6,  Paris,  1909,  200. 
^*  Bang,  I.,  Der  Blutzucker,  Wiesbaden,  1913,  74. 
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took  place.  Using  animals  with  ligated  ureters,  Weyert^^  found  that  after  the 
injection  of  4.4  to  5.8  gm.  of  dextrose  per  kilo,  the  blood  sugar  was  down  to  nearly 
normal  limits  in  3  hours,  and  Harley^^  found  that  with  a  dosage  of  10  gm.  per 
kilo,  the  blood  sugar  fell  to  normal  in  from  3  to  6  hours. 

Weyert^^  records  that  the  sugar  concentration  of  the  lymph  runs  dose  to  that 
of  the  blood.  He  also  found  traces  of  sugar  in  the  cerebrospinal  fluid  and  in 
the  vitreous  hiunor  of  the  eye.  None  can  be  found  in  the  saliva  except  after 
very  large  doses,*' "'  *•  nor  is  an  appreciable  amount  secreted  by  the  intestine*'*^'  ^ 
or  by  the  wall  of  the  urinary  bladder.^ 

The  possibility  of  the  conversion  of  injected  dextrose  into  glycogen  must,  of 
course,  be  considered.  Voit**  injected  subcutaneously  50  gm.  of  dextrose  into 
three  rabbits  and  found  in  the  liver  only  1.4,  2.2,  and  7.0  gm.  of  glycogen,  respec- 
tively, showing  that  sugar  is  not  as  readily  converted  into  glycogen  by  the  liver 
when  injected  parenterally  as  when  fed.  Harley^*  after  injecting  10  gm.  of  dex- 
trose per  kilo  intravenously  into  dogs  with  the  ureters  tied,  found  some  slight 
evidence  of  glycogen  formation.  Freund  and  Popper^  analyzed  a  lobe  of  liver 
before  injecting  dextrose  intravenously  and  the  rest  of  the  liver  afterwards,  and 
found  a  small  increase  in  liver  glycogen,  which  was  greater  if  the  animals  had 
previously  been  starved  for  a  short  time.  With  starved  dogs  4  gm.  per  kilo 
gave  no  increase  in  glycogen,  but  7  to  11  gm.  per  kilo  resulted  in  the  formation 
of  1.3  to  7  gm.  of  glycogen. 

Inasmuch  as  the  injected  sugar  is  accounted  for  only  in  small  part  by  glycogen 
and  by  the  various  secretions,  the  blood  at  the  same  time  rapidly  assuming  its  nor- 
mal content  of  sugar,  the  question  naturally  arises:  What  is  the  fate  of  the  rest  of 
the  sugar?  In  seeking  to  answer  this  question,  various  facts  have  been  brought 
out.  Von  BrasoP  injected  12  to  18  gm.  of  dextrose  per  kilo  intravenously  into 
rabbits  in  30  to  45  minutes  and  then  analyzed  the  blood,  the  urine,  and  mixed 
samples  of  muscle,  kidney,  and  liver.  Estimating  the  relation  of  blood  to  body 
weight  even  as  high  as  12  per  cent  and  even  assuming  that  all  the  tissues,  includ- 
ing bones,  hair,  etc.,  contained  the  same  proportion  of  dextrose  as  the  tissues 
analyzed,  he  calculated  that  from  17.5  to  28.7  per  cent  of  the  sugar  administered, 
was  still  to  be  accounted  for.  Von  Brasol  did  not  determine  glycogen  or  other 
substances;  in  fact  he  suggests  that  the  missing  fraction  has  been  converted  into 
glycogen,  or  lactic  acid  or  some  other  substance.  Butte^  made  muscle  analyses 
after  injecting  intravenously  4  gm.  of  dextrose  per  kilo  into  a  dog.    Assuming 

"  Weyert,  F.,  Arch.  /.  Physiol.,  1891,  187. 

*•  Harley,  V.,  Arch.  f.  Physiol.,  1893,  Supplement,  46. 

w  Jappelli,  A.,  Ztschr.f.  Biol.,  1908,  H,  435. 

^  Bang,  I.,  Der  Blutzucker,  Wiesbaden,  1913,  80. 

*i  Kleiner,  I.  S.,  Jour.  Exper.  Med.,  1911,  xiv,  274. 

**  Kleiner,  I.  S.,  Jour.  Exper.  Med.,  1913,  xviii,  310. 

»Voit,  C,  Ztschr.f.  Biol.,  1891,  xxviii,  245. 

^  Freund,  £.,  and  Popper,  H.,  Biochem.  Ztsckr.,  1912,  xli,  56. 
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that  the  musde  contained  no  sugar  before  the  injection,  he  noted  a  rise  to  0.42 
per  cent  half  an  hour  after  the  injection  and  then  a  progressive  fall  in  the  per- 
centage of  dextrose.  This  demonstrates,  according  to  Butte,  that  one  part  of 
the  injected  sugar  is  transformed  in  certain  organs,  although  he  does  not  mention 
the  likelihood  of  bacterial  action  in  a  dead  animal.  In  two  experiments  on  rabbits 
Bang^  analyzed  the  liver,  skin,  blood  and  lymph,  kidneys  and  urine,  musdes, 
intestines,  and  bones  for  free  dextrose  after  injecting  4  gm.  intravenously  into 
each  animal.  The  total  amount  recovered  was  47.9  and  75.5  per  cent,  respectively. 
But,  according  to  Bang,  even  these  figures  are  too  high  because  (a)  preformed 
sugar  was  not  determined,  (b)  the  tissues  were  not  blood-free  and  hence  blood 
sugar  was  cotmted  twice,  and  (c)  all  reduction  was  not  necessarily  due  to  sugar. 

The  rapid  transformation  of  dextrose  into  simpler  substances,  particularly 
lactic  add,  has  been  suggested  by  many  investigators.  Apparently  the  only 
one  who  actually  tested  for  lactic  add  after  intravenous  injections  of  dextrose  was 
Hailey.'*  He  found  a  higher  percentage  of  lactic  add  in  the  blood  after  dextrose 
injections  into  animftla  with  the  ureters  tied,  and  also  an  increase  in  this  substance 
in  the  liver  and  musde.  He  also  obtained  qualitative  tests  for  ethyl  alcohol 
and  acetone  in  the  blood.  Although  some  workers  have  brought  forth  evidence 
in  favor  of  a  protein  origin  for  lactic  add,  there  seems  to  be  no  doubt  that  it  can 
be  formed  from  sugar.  For  example,  Embden  and  his  collaborators*  by  per- 
fusing livers  with  blood  foimd  that  the  liver  could  form  lactic  add  from  glycogen 
in  the  liver  or  dextrose  in  the  blood.  More  recently  Levene  and  Meyer*  have 
observed  a  direct  conversion  of  sugar  into  lactic  add  by  leukocytes. 

An  increase  in  the  respiratory  quotient  after  intravenous  dextrose  injections 
has  been  observed  by  Harley,'^  Verzir  and  Fej6r,**  and  others. 

The  following  points  appear,  therefore,  to  be  established:  (1)  The  intravenous 
injection  of  large  quantities  of  dextrose  is  foUowed  by  an  increase  in  the  percentage 
of  sugar  in  the  blood.  (2)  The  high  content  of  sugar  in  the  blood  falls  reqpidly 
after  the  end  of  the  injection  and  assumes  the  normal  value  in  a  comparatively 
short  time,  even  when  the  ureters  are  tied.  (3)  The  kidneys  eliminate  a  consider- 
able, but  variable,  fraction  of  the  injected  sugar.  (4)  No  sugar,  or  mere  traces 
are  to  be  found  in  the  cerebrospinal  fluid,  saliva,  intestinal  secretions,  or  in  the 
secretion  of  the  mucosa  of  the  urinary  bladder.  (5)  An  increase  of  glycogen  in 
the  liver  occurs  with  very  large  doses,  but  it  accounts  for  only  a  small  fraction 
of  the  sugar  injected.  (6)  Tissue  analyses,  although  few  in  number,  show  that 
some  of  the  sugar  is  to  be  found  unaltered  in  various  organs.  (7)  Some  of  the 
sugar  is  oxidized,  or  at  least  the  respiratory  quotient  is  increased. 

« Embden,  G.,  CentralbL  /.  Physiol^  1904-05,  xviii,  832.  Embden,  G.,  and 
Kraus,  F.,  Biochem,  Ztschr,,  1912,  xlv,  1. 

*  Levene,  P.  A.,  and  Meyer,  G.  M.,  Jour.  Biol,  Ckem.,  1912,  xi,  361. 

"  Harley,  V.,  Jour.  Physiol.^  1894,  xv,  139. 

^  Verz&r,  F.,  and  von  Fej^r,  A.,  Biochem.  Ztsckr.,  1913,  liii,  146. 
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The  chief  purpose  of  the  present  work  was  to  study  the  disap- 
pearance of  sugar  from  the  blood  under  various  conditions.  In  order 
to  obtain  a  basis  of  comparison  a  series  of  experiments  was  first  carried 
out  in  which  dextrose  was  injected  into  normal  animals. 

EXPERIMENTAL  PART.*^ 

The  experiments  were  performed  on  dogs.  Ether  was  administered  by  intra- 
tracheal insufiSation,  and  cannulas  were  inserted  in  the  left  jugular  vein,  the  right 
carotid  artery,  and  the  neck  of  the  urinary  bladder.  In  a  few  of  the  later  experi- 
ments only  morphine  and  cocaine  were  employed  as  anesthetics.  In  the  experi- 
ments in  which  the  kidneys  were  ligated,  they  were  reached  through  the  lumbar 
region.  At  the  completion  of  all  operative  work,  the  animal  was  given  morphine, 
usually  0.01  gm.  per  kilo,  subcutaneously,  and  then  the  insufflation  and  ether 
anesthesia  were  discontinued.  After  1}  to  2}  hours  a  sample  of  blood  was  taken 
from  the  artery,  and  a  warm  solution  of  20  per  cent  dextrose  was  injected  slowly 
into  the  jugular  vein.  The  rate  of  injection  was  about  2.5  to  3  cc.  per  minute 
and  the  dosage  was  4  gm.  per  kilo  of  body  weight.  At  the  middle  and  end  of 
the  injection  and  at  intervals  thereafter,  samples  of  blood  (from  10  to  30  gm.) 
were  taken  for  analysis.  Urine  elimination  was  divided  into  periods  corresponding 
to  the  blood  samples  taken.  During  the  experiment  the  animal  was  kept  on  an 
electric  thermal  pad  and  at  the  end  of  the  experiment  it  was  chloroformed. 

The  blood  was  analyzed  for  dextrose  by  removing  the  protein  by  Reid's  method,*® 
and  the  reduction  was  determined  by  means  of  a  Pavy*^  solution.    The  urine 

>*  A  preliminary  report  of  this  work  was  published  by  Kleiner,  I.  S.,  and  Melt- 
zer,  S.  J.,  Am,  Jour.  Physiol.,  1914,  xxxiii,  p.  xvii. 

^  Rcid,  E.  W.,  Jour.  Physiol.,  1896,  xx,  316.  Vosburgh,  C.  H.,  and  Richards, 
A.  N.,  Am.  Jour.  Physiol.,  1903,  ix,  35.  Madeod,  J,  J.  R.,  Jour.  Biol.  Chem., 
190M)9,  V,  443. 

*^  The  reagent  used  was  modified  from  time  to  time.  Vernon  (Jour.  Physiol. 
1902,  xxviii,  156)  suggested  the  use  of  twice  as  much  Rochelle  salt,  potassium 
hydroxide,  and  ammonium  hydroxide  as  Pavy  originally  employed.  As  this 
results  in  the  formation  of  a  heavy  crystalline  deposit  in  the  reagent  on  stand- 
ing, we  have  decreased  the  amount  of  Rochelle  salt  and  potassium  hydroxide. 
The  resulting  solution,  which  deposits  very  little  precipitate,  gives  good  resxilts. 
The  composition  of  the  solution,  as  we  now  prepare  it,  is: 

CuSOi  4.158  gm. 

RocheUe  salt  14 

KOH  '  17 

NH4OH  (sp.  gr.  0.88)   600  cc. 

H,Oto  1,000" 

10  cc.  of  this  solution  corresponds  to  0.005  gm.  dextrose,  but  one  should  determine 
the  exact  equivalent  every  time  the  reagent  is  made  up,  and  this  should  be  checked 
at  intervals. 
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was  also  analyzed  by  the  Pavy  method.  Although  this  method  is  not  as  accurate 
as  some  of  the  other  sugar  methods,  its  rapidity,  and  the  fact  that  a  number  of 
determinations  can  be  made  from  a  small  quantity  of  a  given  solution  (as  each 
test  requires  only  5  mg.  of  dextrose),  led  us  to  use  it  in  this  investigation.  In 
some  experiments,  however,  the  Bertrand  method  was  used  to  determine  the 
reducing  power  of  the  blood  after  removal  of  the  proteins,  and  in  a  few  of  the 
experiments  we  have  used  the  blood  sugar  method  of  Lewis  and  Benedict  as  modi- 
fied by  Myers  and  Bailey,®  which  we  have  recently  adopted  for  use  in  this  labora- 
tory.   With  this  method  only  2  cc.  of  blood  is  required. 

Normal  Animals. 

The  first  dextrose  injections  were  given  to  seven  normal  animals. 
The  following  is  a  typical  protocol. 

Experiment  LD  5. — ^White  bull  terrier,  female;  weight  6.5  kilos. 

11.00.  Etherized.  Intratracheal  insufflation  begun  and  ether  anesthesia 
continued  by  this  method.  Cannulas  now  inserted  in  the  left  jugular  vein,  left 
carotid  artery,  and  in  the  neck  of  the  bladder. 

11.51.    Urine  obtained  from  bladder;  1.69  per  cent  dextrose. 

11.56.    Ether  discontinued. 

12.02.    6.5  cc.  1  per  cent  morphine  sulphate  injected  subcutaneously. 

12.13.    Insufflation  discontinued. 

2.07.    Blood  taken,  22.3  gm.;  0.28  per  cent  dextrose. 

2.09.  Urine,  77  cc.  -f-  (about  5cc.  lost),  8.84  per  cent  =  6.81  gm.  dextrose. 

2.10.  Injection  of  warm  20  per  cent  dextrose  solution  into  jugular  vein  started. 
2.34.    Blood  taken,  9.5  gm.,  0.68  per  cent  (67  cc.  of  dextrose  have  been 

injected). 

2.36.  Urine,  40  cc,  6.84  per  cent  »  2.74  gm.  (70  cc.  of  dextrose  have  been 
injected). 

2.56.  Dextrose  injection  ends.  Total  amount  injected  130  cc,  or  26  gm. 
in  46  minutes. 

2.57.  Blood  taken,  10.0  gm.,  0.93  per  cent. 

2.58.  Urine,  81  cc,  5.50  per  cent  «  4.46  gm. 

3.27.  Blood  taken,  16.6  gm.,  0.40  per  cent. 

3.28.  Urine,  51  cc,  7.32  per  cent  =  3.73  gm. 

3.57.  B  lood  taken,  17.9  gm.,  0.30  per  cent. 

3.58.  Urine,  11.5  cc,  10.6  per  cent  =  1.22  gm. 
4.27.  Blood  taken,  21.3  gm.,  0.28  per  cent. 

4.29.  Urine,  3.2  cc,  8.59  per  qent  =  0.28  gm. 

^  Lewis,  R.  C,  and  Benedict,  S.  R.,  Jour,  Biol.  Chem.,  1915,  xx,  61.  Myers, 
V.  C,  and  Bailey,  C.  V.,  Post-Graduaie,  1915,  xxx,  31;  Jour.  Biol.  Chem.,  1916, 
xxiv,  147. 
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Summary. — 1}  hours  after  the  end  of  the  deictrose  injection  the  blood  sugar  fell 
to  its  original  level  of  0.28  per  cent. 

gm. 

Dextrose  injected 26.0 

Excess  dextrose  (above  original  value)  in  circulating  blood  at  end 

of  experiment 0.00 

Dextrose  contained  in  blood  samples  taken  for  analysis 0. 13 

Dextrose  in  urine 12 .43 

Dextrose  accounted  for 12.56 

(or  48.5  per  cent  of  the  amount  injected) 

Dextrose  not  accoimted  for 13 .44 

(or  51.5  per  cent  of  the  amount  injected) 

The  results  of  the  seven  experiments  are  given  in  Table  I. 

Considering  first  the  glycemia,  it  is  seen  that  in  five  out  of  seven 
experiments,  the  original  blood  sugar  was  high.  This  was  to  be 
expected,  as  the  animals  had  been  subjected  to  being  tied  down,  to 
anesthesia  (ether  and  morphine),  and  to  operative  procedure,  aU 
of  which  are  known  to  raise  the  blood  sugar .^  An  initial  rapid  rise 
in  the  blood  sugar  during  the  injection  is  indicated  in  each  case  by 
the  figures  for  the  beginning  and  middle  of  the  injection.  Then  a 
more  gradual  rise  occurred  until  the  end  of  the  injection,  after  which 
the  percentage  of  blood  sugar  fell  rapidly  for  half  an  hour  and  then 
more  slowly.  At  the  end  of  IJ  hours  the  percentage  of  sugar  in  the 
blood  fell  to  its  original  level  in  three  experiments  (Experiments  3,  5^ 
and  46)  and  nearly  to  its  original  level  in  two  others  (Experiments  6 
and  7).  In  the  two  remaining  experiments  (4  and  47)  the  last  figures 
were  twice  as  great  as  the  first.  However,  in  one  of  these  two  (Ex- 
periment 47)  the  last  percentage  found  was,  nevertheless,  a  low 
figure  when  compared  with  the  rest  of  the  series.  In  other  words, 
in  only  one  of  the  seven  experiments  did  the  blood  sugar  fail  to  f aU 
to  what  might  be  termed  a  low  figure  for  this  series. 

In  Experiments  LD  4,  5,  and  6,  and  LP  46,  the  urine  secreted  dur- 
ing the  injection  contained  more  sugar  than  that  secreted  during 
the  90  minute  after-period.  This  was  due  to  a  greater  volume  of 
urine  being  secreted  at  first  rather  than  a  higher  percentage  of  sugar. 

**  For  a  discussion  of  these  points  see  Shaffer,  P.  A.,  Jour,  Biol.  Chem.,  1914, 
xix,  297.  Loewy,  A.,  and  Rosenberg,  S.,  Biochem.  Ztschr,,  1913,  Ivi,  114.  Hirsch, 
E.,  and  Reinbach,  H.,  Ztschr.f.  physiol.  Chem.,  1914,  xd,  292. 
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Indeed,  the  urine  of  the  after-period  was  usually  of  a  higher  con- 
centration, and  in  Experiment  LP  47  this  was  sufficient  to  cause  a 
greater  excretion  of  sugar  in  the  after-period  than  in  the  injection 
period. 

The  small  flow  of  urine  in  Experiment  LD  3  was  probably  due  to 
over-etherization.  Excluding  this  experiment,  the  average  amount 
found  in  the  urine  was  60.2  per  cent  of  the  sugar  injected.  If  we 
now  estimate  the  excess  sugar  still  circulating  in  the  blood  (calculating 
the  blood  equal  to  7  per  cent  of  the  body  weight)  and  add  this  blood 
sugar  to  the  urinary  sugar,  we  have  an  average  of  62.2  per  cent  of  the 
injected  amount,  leaving  37.8  per  cent  not  accounted  for.  If  we 
include  Experiment  LD  3,  this  average  is  raised  to  46.3  per  cent  not 
accounted  for. 

It  thus  appears  from  our  own  experiments  on  normal  animals  that 
approximately  60.2  per  cent  of  the  sugar  was  excreted  by  the  kidneys, 
while  of  the  remaining  39.8  per  cent  only  an  insignificant  fraction  (2 
per  cent  on  an  average)  remained  in  the  circulation. 

Nephrectomized  Animals. 

In  one  of  our  experiments  on  normal  animals  (Experiment  LD  3) 
there  occurred,  as  mentioned  above,  an  almost  complete  suppression 
of  the  kidney  function  during  and  after  the  intravenous  infusion  of 
dextrose.  Nevertheless,  the  blood  sugar  returned  to  its  original 
value  as  qxiickly  as  in  the  other  experiments.  We  now  performed 
some  experiments  upon  animals  after  ligating  or  removing  the  kid- 
nes^s.    The  results  of  five  experiments  are  summarized  in  Table  11. 

The  following  is  a  typical  protocol. 

Experiment  LD  33. — ^Fox-terrier,  male;  weight  6.75  kilos. 

10.18.  Etherized.  Intratracheal  insufflation  begun  and  ether  anesthesia 
continued  by  this  method.  The  kidneys  were  now  exposed  and  ligated  and 
cannulas  inserted  in  left  jugular  vein  and  right  carotid  artery. 

11.15.    Ether  discontinued. 

11.26.  Lid  reflex  present. 

11.27.  Blood  taken,  11.6  gm.,  0.28  per  cent. 
11.31.    Insufflation  discontinued. 

1133.    1  cc.  1  per  cent  morphine  sulphate  injected  intramuscularly. 
12.27.    Blood  taken,  11.35  gm.,  0.27  per  cent. 
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12.28.    Injection  of  warm  20  per  cent  dextrose  solution  into  jugular  vein 
started. 

1.22.  Dextrose  injection  ended.    Total  amount  introduced,  135  cc.  or  27  gm. 
in  54  minutes. 

1.23.  Blood  taken,  11.9  gm.,  1.08  per  cent. 

1.29.    0.5  cc.  1  per  cent  morphine  sulphate  injected  intramuscularly. 
1.54.    Blood  taken,  11.5  gm.,  0.69  per  cent. 

2.24.  Blood  taken,  14.9  gm.,  0.40  per  cent. 
2.54.    Blood  taken,  15.95  gm.,  0.32  per  cent. 

Summary. — 1 J  hours  after  the  end  of  the  injection  the  blood  sugar  fell  to  0.32 
per  cent;  i.e.,  only  0.05  above  its  original  level  of  0.27  per  cent. 

Dextrose  injected 27.0 

Excess  dextrose  (above  original  value)  in  circulating  blood  at  end 

of  experiment about    0.27 

Dextrose  contained  in  blood  samples  taken  for  analysis .. . .  about    0. 17 

Total  dextrose  thus  accounted  for 0.44 

(or  1.7  per  cent  of  the  amount  injected) 

Dextrose  not  accounted  for 26.56 

(or  98.3  per  cent  of  the  amount  injected) 


TABLE  U. 

Intravenous  Injection  of  Dextrose  into  Nepkrectomised  Dogs, 


No.  of  ciq>eri- 
ment. 


LD32. 
LD33  . 
LD34. 
LP  48*. 
LP  49*. 

Average 


Dextrose 
injected 


11.0 
27.0 
42.0 
43.4 
37.0 


u. 

55 
135 
210 
217 
185 


Blood  sugar 
before  injection. 


Before 
mor- 
phine. 


peremt 

0.28 
0.30 


After 
mor- 
phine. 


peruni 

0.47 
0.27 
0.35 
0.10 
0.28 


0.29 


1 


percent 

1.09 
1.08 
1.0 

0.62 
1.03 


0.96 


M 


El 
S3 

ll 


per  tent 
0.93 

0.69 


n 


percent 

0.70 
0.40 
0.55 


3 


n 


percent 

0.32 
0.46 
0.13 
0.27 


0.295 


s 


SJ 
n 


percent 
0.45 

0.29 


Mil 


percent 

100 
98.3 
99.6 
99.5 

100 


99.5 


*  In  these  two  experiments  the  kidneys  were  exposed  and  prepared  for  liga- 
tion under  ether  anesthesia,  but  they  were  not  actually  ligated  imtil  the  effects 
of  the  ether  had  worn  off. 
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In  these  animals  the  blood  sugar  rises  to  a  higher  level,  but  this 
is  not  as  great  as  might  be  expected.  In  the  normal  dogs  the  average 
figures  were  0.19  before  injection  and  0.77  at  the  end,  a  rise  of  0.58 
per  cent;  in  the  nephrectomized  animals  the  corresponding  figures 
are  0.29  and  0.96,  a  rise  of  0.67  per  cent;  hence  there  is  a  difference 
between  the  two  series  of  only  0.09  per  cent.  If  we  now  estimate 
from  this  figure  how  much  more  sugar  there  is  circulating  m  the  blood 
in  this  series,  we  find  that  it  amoimts  to  less  than  1  gm.  Therefore 
during  the  injection  the  organism  without  the  kidney  has  been  en- 
abled to  rid  its  blood  of  nearly  as  much  sugar  as  if  it  had  its  renal 
function  intact.  After  the  discontinuation  of  the  injection  the  fall 
in  the  glycemia  is  most  rapid  during  the  first  hour  and  then  becomes 
slower.  In  Experiments  LD  33,  LD  34,  LP  48,  and  LP  49  the  blood 
sugar  is  either  at  its  original  level  or  only  slightly  higher  at  the  end 
of  1^  hours,  and  in  Experiments  LD  32  and  34  the  figures  for  2  hours 
show  that  by  this  time  the  blood  sugar  has  fallen  to  or  below  this 
value.  In  Experiment  32  no  sample  was  taken  at  the  end  of  1^  hours, 
but  the  average  for  the  other  four  experiments  for  this  time  was  0.30 
per  cent,  while  the  average  before  injection  was  0.25  per  cent  in  the 
same  four.  , 

It  is  thus  evident  that  after  an  intravenous  injection  of  dextrose 
the  blood  sugar  does  not  rise  much  higher  in  nephrectomized  animals 
than  in  normal  animals,  and  after  injection  gradually  falls  to  or  nearly 
to  its  original  level.  This  indicates,  of  course,  that  practically  all 
the  injected  sugar  has  left  the  blood  stream;  and  that  therefore  the 
body  is  able  to  dispose  of  large  amoimts  of  injected  dextrose  even 
without  the  assistance  of  the  kidneys.  Furthermore,  the  fact  that 
this  was  accomplished  in  the  same  length  of  time  as  in  the  normal 
series,  the  dosage  and  other  experunental  conditions  remaining  the 
same,  shows  that  the  presence  or  absence  of  the  kidney  has  very 
little  influence  on  the  rate  of  disappearance  of  dextrose  from  the  blood. 

The  obvious  explanation  which  offers  itself  at  first  thought  is  that 
the  greater  part  of  the  injected  sugar  is  rapidly  converted  into  glyco- 
gen by  the  liver.  We  have  performed  some  experiments  which  were 
designed  to  exclude  this  possibility.  Dextrose  was  injected  into  dogs 
in  which  there  was  practically  no  circulation  posterior  to  the  dia- 
phragm.   Animals  can  easily  be  prepared  in  this  manner  since,  with 
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the  aid  of  intratracheal  insufflation,  the  thorax  can  be  opened  and 
the  aorta  and  vena  cava  inferior  tied  near  the  diaphragm  with  great 
facility. 

Animals  with  a  Circulation  only  Anterior  to  the  Diaphragm. 

The  animals  were  prepared  as  follows:  An  opening  was  made  in  the  left  side 
of  the  thorax  (imder  intratracheal  insufflation  anesthesia)  and  the  aorta  and 
vena  cava  were  ligated  as  near  the  diaphragm  as  p>ossible.  The  aorta  was  ligated 
first,  and  before  ligating  the  vena  cava,  pressure  was  applied  to  the  abdomen  in 
order  to  increase  the  amount  of  blood  in  the  thorax.  In  some  cases  Ringer's 
solution  or  saline,  in  others  adrenalin,  or  both,  were  injected  to  maintain  the  blood 
pressure.  These  animals,  then,  had  no  abdominal  circulation;  the  liver  could 
store  no  glycogen;  the  kidneys,  pancreas,  and  adrenals,  could  not  ftmction. 
Into  such  animals,  we  injected  dextrose  as  before  and  estimated  the  glycemia  at 
Intervals.  Some  experiments  were  complicated  by  such  variations  as  removal 
of  the  th3rroids,  tying  the  thoracic  duct,  etc.  These  additional  factors  exerted 
no  appreciable  influence  on  the  results,  and  we  shall  not  deal  with  them  in  par- 
ticular.   Some  of  the  experiments  are  smnmarized  in  Table  III. 

A  typical  experiment  of  this  series  is  the  following: 

Experiment  LD  30. — ^Dog;  weight  7.5  kilos. 

1.40.  Etherized.  Intratracheal  insufflation  begun  and  ether  anesthesia  con- 
tinued by  this  method.  Cannulas  now  inserted  in  left  jugular  vein  and  right 
carotid  artery.  Thoradc  duct  exposed.  Opening  made  in  left  side  of  thorax 
and  aorta  tied  near  diaphragm.  After  pressure  on  the  abdomen  the  vena  cava 
inferior  was  tied  near  diaphragm. 

2.43.  Woimd  in  thorax  closed. 

2.44.  Ether  discontinued. 

2.46.  Thoracic  duct  tied. 

2.47.  Blood  taken,  10.9  gm.,  0.07  per  cent. 

2.48-2.50.     40  cc.  warm  sterile  Ringer's  solution  injected  in  left  jugular  vein. 
3.04-3.05.    20  cc.  Ringer's  solution  injected. 
3.18.    10  cc.  Ringer's  solution  injected. 

3.23.    Pulse  poor.    Dog  restless.    20  cc.  Ringer's  solution  injected. 
3.31-3.32.    20  cc.  Ringer's  solution  injected.    (Total  quantity  Ringer's  solution 
injected,  110  cc.  during  44  minutes). 

3.40.     1  cc.  1  per  cent  morphine  injected  intramuscularly  in  left  fore-leg. 

3.49.  Blood  taken,  10.8  gm.,  0.05  per  cent. 

3.50.  Injection  of  warm  20  per  cent  dextrose  in  left  jugular  vein  started. 
4.30.    Dextrose  injection  ended.     Total  amount  injected,  150  cc.    20  per 

cent  dextrose  or  30  gm.,  in  40  minutes. 
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4.32.    Blood  taken,  14.7  gm.,  1.65  per  cent. 
4.48.    Pulse  good. 

5.27.    Blood  taken,  22.6  gm.,  1.16  per  cent. 
Summary, — ^Estimated  weight  of  anterior  part  of  animal;  i.e,, 
one  half  of  total  body  weight 3,750  gm. 

Quantity  of  blood  circulating  (7  per  cent  of  weight) 262    cc. 

Fluid  injected 260     " 

522     " 
Blood  samples  taken  for  analysis about      39     " 

Total  circulating  fluid about    483     " 

Excess  dextrose  circulating  ((1.16-0.05  per  cent )  X  483  cc.)        5 . 36  gm. 
Dextrose  in  blood  samples  taken 0. 26    " 

Total  dextrose  accounted  for about        5.62    " 

Dextrose  injected 30         " 

Amount  of  dextrose  not  accounted  for,  24.4  gm.  or  81  per 
cent  of  the  quantity  injected. 

The  interpretation  of  these  figures  is  made  difficult  by  several 
complications.  As  we  injected  the  same  amount  of  dextrose  (4  gm. 
per  kilo)  as  in  the  first  two  series,  the  dosage  of  dextrose  per  kilo 
was  manifestly  higher  in  these  experiments  since  the  posterior  part 
of  the  body  was  not  fed  by  the  circulation.  Exactly  how  much 
higher  cannot  be  said  definitely,  but  probably  the  remaining  circula- 
tion received  about  twice  as  much  dextrose  per  kilo  as  in  the  experi- 
ments on  the  entire  animal.  The  infusion  of  Ringer's  solution  and 
the  occasional  use  of  adrenalin  also  make  these  experiments  not  en- 
tirely comparable  with  the  others.  However,  the  first  blood  sample 
was  always  taken  after  injection  of  Ringer's  solution  or  adrenalin, 
so  that  a  comparable  initial  glycemia  was  always  ascertained. 

In  these  experiments  the  blood  sugar  rose  greatly;  at  the  end  of  the 
injection  it  reached  from  1.35  to  2.41  per  cent,  an  average  of  1.93  per 
cent  for  eleven  experiments.  In  considering  these  figures  it  must  be 
remembered  that,  as  stated  above,  the  dose  of  sugar  per  volume  of 
circulating  blood  was  about  twice  as  high  as  in  the  other  two  series. 
In  every  experiment  there  was  a  rapid  fall  in  the  blood  sugar  after 
the  injection  had  been  finished.  Since  the  samples  of  blood  were 
not  always  taken  at  the  same  intervals,  it  becomes  necessary  to  study 
the  experiments  in  groups.    In  Experiments  55,  56,  and  57  the 
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average  percentage  of  sugar  in  the  blood  at  the  end  of  the  injection 
was  1.83  per  cent,  and  a  half  hour  later  the  average  was  1.37  per 
cent — a  fall  of  0.46  per  cent  in  half  an  hour.  In  Experiments  18, 
20,  21,  28,  30,  31,  and  35,  the  blood  sugar  fell  from  an  average  of 
2.00  per  cent  at  the  end  of  the  injection  to  1.34  per  cent  in  an  hour; 
in  Experiment  57  the  fall  continued  steadily  from  1.73  to  1.38  in 
half  an  hour,  and  to  0.82  per  cent  in  1^  hoiirs.  In  Experiment  35  a 
drop  in  the  blood  sugar  from  1.81  to  1.34  per  cent  occurred  in  the 
first  hour  after  the  end  of  the  injection,  while  during  the  second  hour 
only  a  relatively  slight  decrease  took  place;  namely,  to  1.13  per  cent. 

In  every  experiment  a  large  percentage  of  the  injected  sugar  was 
not  accounted  for  by  the  sugar  present  in  the  circulating  blood,  from 
74  to  91  per  cent  disappearing  from  the  blood  stream  during  the  time 
of  observation.  Another  way  of  demonstrating  this  is  by  estimating 
the  percentage  of  sugar  which  would  have  been  present  in  the  blood  if 
all  the  injected  sugar  was  still  there  and  comparing  this  figure  with 
the  actual  findings,  taking  into  account  the  volume  of  blood  drawn 
and  of  fluid  injected.  Such  estimations  indicate  that  the  blood 
sugar  content  would  be  about  7.7  to  7.9  per  cent  if  all  the  sugar  was 
in  the  circulating  blood.  As  a  matter  of  fact  the  highest  blood  sugar 
values  in  all  these  experiments  ranged  from  1.35  to  2.41  per  cent,  or 
an  average  of  only  1.93  per  cent.  It  is  thus  evident  that  the  greater 
part  of  the  injected  sugar  left  the  blood  rapidly,  in  fact  before  the 
end  of  the  injection.  This  disappearance  of  dextrose  from  the  blood 
stream  went  on,  then,  entirely  independently  of  the  abdominal  viscera. 
Hence  neither  the  glycogenic  activity  of  the  liver  nor  an  excessive 
consumption  of  sugar  by  or  in  any  abdominal  organ  can  account  for 
the  greater  part  of  the  dextrose  which  so  rapidly  leaves  the  blood 
after  intravenous  infusion. 

Analysis  of  Muscle  for  Carbohydrates. — In  a  few  of  these  experi- 
ments we  analyzed  skeletal  muscles  to  determine  whether  sugar  had 
been  stored  in  them.  Higher  carbohydrates,  as  well  as  dextrose 
were  estimated.  A  few  preliminary  studies  convinced  us  that  the 
carbohydrate  content  of  normal  muscle  is  not  constant.  Therefore 
it  was  necessary  to  determine  in  each  experiment  the  amoimt  of 
dextrose  and  higher  carbohydrate  present  in  the  muscles  before  and 
after  the  injection. 
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In  Experiments  55,  56,  and  57  the  procedure  was  as  follows:  One  fore-leg 
was  amputated  before  the  mjection  of  dextrose  and  inunediately  placed  in  the 
refrigerator.  At  the  end  of  the  experiment  the  animal  was  killed,  the  other,  fore- 
leg removed  and  also  placed  in  the  refrigerator.  The  muscles  were  dissected  off, 
put  through  the  grinder  twice,  and  extracted  with  water  in  the  presence  of  toluene 
for  about  18  hours  in  the  refrigerator.  The  fluids  were  then  pressed  out  and  the 
residue  again  extracted  with  water  for  about  2  hours.  All  fluids  obtained  were 
immediately  boiled  after  adding  a  little  acetic  acid  and  filtered  through  glass  wool. 
The  residue,  pressing  doth,  etc.,  were  thoroughly  extracted  with  boiling  water. 
The  combined  fluids  were  then  treated  with  phosphotungstic  acid  solution  while 
boiling,  filtered,  neutralized  with  sodium  hydroxide,  acidified  with  acetic^  add, 
and  finally  concentrated  to  a  definite  volume  on  the  water  bath.  Estimations 
of  the  reducing  power  were  made  before  and  after  hydrolysb  and  the  results 
expressed  as  dextrose.  Hydrolysis  was  effected  by  boiling  under  a  reflux  con- 
denser for  1}  hours  in  the  presence  of  1.8  per  cent  hydrochloric  add. 

In  all  three  experiments  there  was  an  increase  in  the  total  carbo- 
hydrates (i.e.f  the  amount  found  after  hydrolysis)  after  the  injection; 
There  was,  however,  some  slight  difference  with  regard  to  the  behavior 
of  the  two  types  of  carbohydrates.  In  Experiments  55  and  56  the 
increase  in  dextrose  is  practically  the  same  as  that  of  the  higher 
carbohydrates;  namely,  0.10  per  cent  for  dextrose  and  0.09  per  cent 
for  higher  carbohydrates  in  Experiment  55;  and  0.31  per  cent  for 
dextrose  and  0.32  per  cent  for  higher  carbohydrates  in  Experiment  56. 
In  both  experiments  the  time  was  half  an  hour.  In  ^Experiment  57, 
where  the  time  was  1^  hours,  there  was  an  increase  of  0.28  per  cent 
in  the  dextrose  and  a  decrease  of  0.17  per  cent  in  the  higher  carbo- 
hydrates. The  fact  that  the  higher  carbohydrates  were  found  to 
be  increased  after  30  minutes  and  decreased  after  90  minutes  might 
indicate  that  the  higher  carbohydrates  were  more  readily  utilized 
than  the  lower  ones,  or  that  dextrose  before  being  oxidized  by  the 
muscle  must  be  converted  into  a  polysaccharide.  Our  evidence, 
however,  comes  from  only  three  experiments,  and  consequently  we 
cannot  attach  much  importance  to  it. 

Does  this  increase  in  the  carbohydrate  content  of  muscle  account 
for  all  the  injected  dextrose  which  disappeared  from  the  circulation? 
Consideration  of  the  following  figures  will  show  that  we  are  not 
entitled  to  answer  this  in  the  afl&rmative.  If  we  assume  that  the 
muscle  tissue  of  the  dog  constitutes  approximately  43  per  cent  of 
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the  body  weight,  as  m  man,^  and  that  half  the  body  is  reached  by  the 
circulating  blood,  we  can  estimate  roughly  the  increase  in  carbohy- 
drates of  the  muscles.  Such  calculations  show  only  comparatively 
small  percentages  of  the  injected  dextrose.  Thus  in  Experiment 
LD  55  the  amount  not  accoimted  for  is  reduced  from  91  to  82  per 
cent  by  taking  the  muscle  carbohydrates  into  consideration;  in  Experi- 
ment LD  57  the  reduction  is  from  91  to  86  per  cent;  and  in  Experi- 
ment LD  56  it  is  somewhat  greater,  namely,  from  81  to  49  per  cent. 
From  this  it  seems  evident  that  the  anterior  muscles  in  these  experi- 
ments did  not  contain  all  the  missing  sugar.  On  the  other  hand, 
it  must  be  admitted  that  one  cannot  draw  definite  conclusions  from 
the  muscle  analyses,  for  which  great  accuracy  cannot  be  claimed. 
Furthermore  it  is  possible  that,  in  these  '' anterior"  am'mals,  loss  of 
dextrose  may  occur  through  the  tissue  spaces  into  the  posterior  part 
of  the  body,  which  we  have  not  included  in  our  estimations.  Finally 
we  have  not  examined  other  tissues,  e.g.^  the  brain,  lungs,  spinal  fluid, 
bone  marrow,  etc.,  where  the  carbohydrates  might  also  have  increased 
in  amoimt. 

Thus,  while  we  cannot  claim  that  the  experiments  on  the  muscles 
in  anterior  animals  throw  definite  light  upon  the  fate  of  all  the  dextrose 
which  disappears  from  the  circulation  after  an  intravenous  injection, 
the  fact  remains  that  a  notable  increase  in  the  carbohydrate  content 
of  the  muscles  was  found. 

Experiments  with  Intravenous  Injections  of  Dextrose  into  Whole  Dead 

Animals. 

The  foregoing  experiments  brought  up  the  question  whether  this 
passage  of  sugar  from  the  blood  into  the  tissues  is  a  vital  process; 
this  led  to  a  series  of  experiments  in  which  dextrose  was  injected  into 
dead  animals. 

Method, — The  dogs  were  prepared  as  in  the  experiments  in  Tables  I  and  m 
on  normal  and  anterior  animals,  except  that,  under  light  chloroform  insufflation 
anesthesia,  three  or  four  ribs  were  resected  on  the  left  side  in  order  to  expose  the 

**Vierordt,  H.,  Anatomische  physiologische  und  physikalische  Daten  und 
Tabellen,  3rd  edition,  Jena,  1906,  44. 
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heart.  Then  full  chloroform  vapor  was  given  until  the  heart  stopped.  In  some 
cases  one  fore-leg  was  then  removed  for  analysis,  all  bleeding  points  being  carefully 
ligated.  Continuing  the  artificial  respiration  and  massaging  the  heart  by  hand, 
we  injected  the  dextrose  solution  intravenously,  much  more  quickly,  however, 
than  in  the  experiments  upon  living  animals.  The  rhythmic  heart  massage  was 
continued  for  5  or  10  minutes,  and  blood  samples  were  taken  from  the  carotid 
while  massaging  the  heart. 

The  following  is  a  protocol  of  one  experiment. 

Experiment  LD  54. — ^Dog,  male;  weight  8  kilos. 

10  J5.    Etherized.    Intratracheal  insufflation  begun  and  chloroform  anesthesia 
produced  by  this  method.    Cannulas  were  inserted  in  the  left  jugular  vein  and 
right  carotid  artery.    The  thorax  was  opened  on  the  left  side,  four  ribs  being 
resected  and  the  heart  exposed.    The  left  fore-leg  was  then  amputated. 
12.08.    Left  fore-leg  placed  in  refrigerator. 
12.10.    Full  chloroform  vapor  given. 
12.20.    The  fibrillary  twitchings  of  the  heart  have  ceased. 
12.25-12.24.    Blood  taken  from  the  carotid  artery,  23.03  gm.,  0.23  per  cent. 
12.30-12.32}.    160  cc.  of  warm  20  per  cent  dextrose  solution  injected  into  left 
jugular  vein,  followed  by  3  cc.  0.9  per  cent  sodium  chloride.    Heart  massaged 
during  the  injection. 

12.32i-12.36.    Massaging  of  heart  continued. 
1.02-1.04.    Blood  taken  from  carotid,  20.04  gm.,  2.18  per  cent. 
1.31-1.34.    Blood  taken  from  carotid,  16.07  gm.,  2.03  per  cent. 
2.17-2.18.    Blood  taken  from  carotid,  20.74  gm.,  1.93  per  cent. 
2.39.  '  Right  fore-leg  removed  and  put  in  refrigerator. 
Analysis  of  Muscle  of  Pore-Legs. 

Control  muscle:  0.38  per  cent  before  hydroljrsis  (dextrose). 

0.68  per  cent  after  hydrol3rsis  (total  carbohydrates), 
or  0.30  per  cent  polysaccharides. 
Muscle  after  dextrose  injection:  0.64  per  cent  before  hydrolysis  (dextrose). 

1.24  per  cent  after  hydroljrsis  (total  carbo- 
hydrates), 
or  0.60  per  cent  polysaccharides. 
Increase  in  total  carbohydrates,  0.56  per  cent. 

Summary. — ^Amoimt  of  dextrose  injected,  32  gm.  1}  hours  after  the  end  of  the 
injection,  the  blood  sugar  was  1.93,  or  1.70  per  cent  above  its  original  value. 
There  was  estimated  to  be  about  636  cc.  of  blood  in  the  blood  vessels  at  the  time 
af  taking  the  last  blood  sample. 

Increase  in  dextrose  in  blood  (636  X  1.70  per  cent) 10.8  gm. 

Dextrose  removed  in  blood  samples 0. 7    " 

Total  excess  dextrose  in  blood 11.5    " 

or  36  per  cent  of  amount  injected. 
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Therefore  64  per  cent  not  accounted  for  by  blood. 

The  amount  of  muscle  was  estimated  to  be  3,300  gm.;  that  is,  43  per  cent 
of  (8,000  gm.  (body  weight)-340  gm.  (amputated  leg) ). 

Increase  in  total  carbohydrates  in  musde  (3,300  X  0.56  per  cent)  18 . 5  gm. 

Total  excess  dextrose  in  blood 11.5  " 

Total  dextrose  accoimted  for  by  blood  and  muscle 30.0  " 

or  94  per  cent  of  the  amoimt  injected. 
Therefore,  6  per  cent  not  accounted  for. 

From  Table  IV,  which  summarizes  the  experiments  upon  whole 
dead  animals,  it  is  seen  that  the  blood  sugar  content  never  reached 
4.4  to  4.75  per  cent,  which  we  estimate  would  have  been  the  per- 
centage if  all  the  sugar  injected  had  remained  in  the  blood.  The 
highest  blood  sugar  percentage  found  was  3.85  per  cent  in  the  portal 
blood  in  Experiment  LD  49;  the  lowest  was  1.48  per  cent  (except  the 
1.30  per  cent  of  the  same  experiment,  which  is  not  absolutely  reliable 
because  of  the  method  used  in  obtaining  this  blood  sample).  The 
irregularity  in  the  figures  of  Experiment  LD  49  is  due  to  the  fact 
that  the  various  samples  were  taken  from  different  parts  of  the  cir- 
culation. Although  one  cannot  compute  the  total  amount  of  sugar 
in  the  blood  in  the  dead  animal  experiments  with  accuracy,  it  seemed 
desirable  to  obtain  a  basis  of  comparison  with  the  other  series.  We 
therefore  give  the  figures  in  the  colimm,  "Dextrose  not  accounted 
for  by  blood, "  estimating  the  blood  at  7  per  cent  of  the  body  weight 
and  using  the  last  blood  sugar  figure  obtained  (except  in  Experiment 
LD  49  in  which  the  average  was  used).  It  is  thus  seen  that  from  30 
to  71  per  cent  of  the  sugar  injected  was  not  present  in  the  blood. 

In  four  of  these  experiments  muscle  taken  before  and  after  the 
injections  was  analyzed,  and  the  increase  in  total  carbohydrates 
indicated  that  a  considerable  proportion  of  injected  sugar  was  to 
be  found  in  that  tissue.  In  Experiment  LD  49  the  dextrose  content 
of  the  muscle  rose  from  0.54  to  0.88  per  cent  in  83  minutes,  and  the 
higher  carbohydrates  from  0.15  to  0.83  per  cent.  This  increase  in 
total  carbohydrates  of  the  muscle"  accounted  for  practically  the 
entire  30  per  cent  of  the  injected  sugar  which  was  still  xmaccounted 
for  by  the  blood.    A  similar  result  occurred  in  Experiment  LD  54, 

^  The  proportion  of  muscle  in  the  body  was  assumed  to  be  43  per  cent  of  the 
body  weight. 
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as  all  but  6  per  cent  of  the  injected  sugar  was  accoimted  for  by  the 
blood  and  muscle  analyses  together.  Here  the  rise  in  muscle  dex- 
trose was  from  0.38  to  0.64  per  cent,  and  in  muscle  polysaccharides 
from  0.30  to  0.60  per  cent,  the  time  being  about  2  hours.  In  fact 
this  result  was  the  most  striking  of  all,  for  here  the  muscle  contained 
about  58  per  cent  of  the  injected  dextrose.  In  Experiment  LD  51 
the  amoimt  of  sugar  still  unaccoimted  for  after  42  minutes  was  re- 
duced to  27  per  cent  by  the  muscle  carbohydrates,  the  dextrose 
increasing  from  0.29  to  0.60  per  cent,  while  the  higher  sugars  increased 
but  little;  namely,  from  0.14  to  0.21  per  cent.  This  was  the  shortest 
of  the  four  experiments.  In  Experiment  LD  53  there  was  very  little 
increase  in  the  dextrose  of  the  muscle,  from  0.33  to  0.45  per  cent,  and 
none  iii  the  polysaccharide  content.  As  this  was  the  longest  experi- 
ment (2f  hours),  bacterial  activity  might  be  thought  of  as  an  expla- 
nation of  the  finding  of  the  smallest  increase  of  carbohydrate  in  the 
muscle.  The  increase  in  the  polysaccharide  content  of  the  muscles 
in  three  of  the  four  experiments  is  possibly  significant,  indicating 
perhaps  a  condensation  of  dextrose,  after  death,  within  the  muscles. 

Experiments  with  Intravenous  Injections  of  Dextrose  into  the  Anterior 

Parts  of  Dead  Animals. 

In  Table  V  are  given  the  results  of  four  experiments  upon  dead 
anterior  animals.  These  experiments  were  similar  to  the  preceding 
series  except  that,  before  causing  the  heart  to  stop  beating,  the  aorta 
and  vena  cava  were  ligated  near  the  diaphragm. 

In  these  experiments  we  again  find  high  blood  sugar  values,  and 
again  we  may  compare  them  with  the  values  which  we  estimated  would 
exist  if  all  the  injected  sugar  had  remained  within  the  blood  vessels, 
making  due  allowance  for  fluid  injected  and  for  blood  samples  drawn. 
The  calculations  give  from  7.3  to  7.9  per  cent  blood  sugar.  It  is  seen 
that  the  percentages  of  sugar  are  actually  much  lower;  namely,  2.24 
to  3.42  per  cent,  showing  that  a  good  deal  of  the  sugar  injected  into 
these  dead  stimips  left  the  circulation  rapidly.  From  Experiments 
50  and  58  it  would  seem  that  this  occurred  most  quickly  in  the  first 
30  to  45  minutes  and  then  proceeded  more  slowly. 

In  three  of  the  experiments  the  muscles  were  analyzed  before  and 
after  the  injection,  and  it  was  found  that  the  muscles  were  richer  in 
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dextrose  after  the  injection  than  before.  The  percentage  of  muscle 
dextrose  rose  from  0.47  to  1.03,  from  0.44  to  0.74,  and  from  0.52  to 
0.84  per  cent,  respectively.  The  figures  given  in  the  last  two  colimms 
of  the  table  were  obtained  on  the  assumption  that  the  injected  sugar 
reached  only  half  the  body,  and  further  that  this  half  contained  the 
same  proportions  of  blood  and  muscle  as  the  whole  body;  namely, 
7  and  43  per  cent,  respectively.  The  first  of  these  two  columns 
shows  that  a  large  proportion  of  the  injected  sugar  had  disappeared 
from  the  circulation.  In  Experiment  LD  47  about  55  per  cent  was 
estimated  to  have  left  the  blood  in  15  minutes.  In  the  other  three 
experiments,  each  lasting  about  70  minutes,  the  amount  of  sugar  lost 
from  the  blood  was  about  58,  71,  and  73  per  cent.  From  the  last 
column  of  the  table  we  see  that  even  when  we  deduct  the  sugar 
found  in  the  muscle  tissue  there,  is  still  from  30  to  56  per  cent  not 
accounted  for.  In  none  of  these  experiments  were  we  able  to  account 
for  practically  all  the  injected  sugar  by  the  muscle  and  blood  anal- 
yses, as  in  two  of  the  experiments  on  the  whole  dead  animals. 

The  increase  in  the  higher  carbohydrates  of  the  muscle  in  these 
experiments  is  negligible.  In  Experiment  LD  50  there  was  no  in- 
crease; in  Experiment  LD  58  the  increase  was  from  0.39  to  0.42  per 
cent;  and  in  Experiment  LD  59  from  0.43  to  0.51  per  cent.  These 
results  are  in  contrast  with  those  foimd  on  the  entire  dead  animals 
(Table  IV)  in  which  there  was  a  considerable  increase  in  the  muscle 
polysaccharides  in  two  experiments  and  a  small  increase  in  another. 
This  diflference  may  perhaps  be  brought  into  connection  with  the 
observation  made  by  Levene  and  Meyer  ;••  namely,  that  the  pidp  or 
juices  of  various  tissues  of  the  dog  are  able  to  convert  dextrose  into 
a  higher  carbohydrate  if  they  are  activated  by  spleen  juice.  In  the 
anterior  animal  such  a  mixtiire  of  the  products  of  the  spleen  and 
tissues  by  means  of  an  artificial  circulation  is  excluded. 

DISCUSSION. 

Large  amounts  of  dextrose  were  injected  intravenously  into  norma) 
dogs.  A  variable  proportion  (an  average  of  about  60  per  cent)  was 
eliminated  by  the  kidney  during  the  injection  and  the  90  minutes 

••  Levene,  P.  A.,  and  Meyer,  G.  M.,  Jour,  Biol.  Chem,,  1912,  xi,  353. 
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which  followed.  By  the  end  of  this  ^ime  the  percentage  of  sugar  in  the 
blood  had  fallen  to,  or  nearly  to,  the  level  found  before  the  injection. 
Consequently  about  40  per  cent  of  the  injected  sugar  was  not  ac- 
counted for  by  the  blood  and  urine  analyses.  When  the  same  amount 
of  sugar  was  injected  into  nephrectomized  dogs,  the  blood  sugar, 
while  rismg  somewhat  higher  in  the  course  of  the  experiment,  feU 
to  .'ts  original  level  as  quickly  as  in  the  normal  animals.  Therefore 
nearly  all  the  sugar  had  left  the  blood  in  the  same  length  of  time  with- 
out the  aid  of  the  kidneys.  When  dextrose  was  injected  intravenously 
into  animals  which  had  practically  no  circulation  posterior  to  the 
diaphragm,  the  blood  sugar  did  not  reach  the  height  which  it  would 
have  attained  if  all  the  sugar  had  remained  in  the  blood  vessels. 
Since  the  dosage,  however,  was  based  on  the  weight  of  the  entire 
animal,  and  as  these  dogs  had  only  about  half  their  circulation,  the 
dosage  was  really  about  twice  as  great  as  in  the  first  two  series.  For 
this  reason  an  exact  comparison  cannot  be  made.  Nevertheless,  it 
was  seen  that  the  blood  sugar  gradually  fell  and  that  from  74  to  91 
per  cent  of  the  injected  sugar  had  left  the  circulation  during  the 
injection  and  the  after-period,  which  was  usually  not  more  than  1 
hour.  Even  in  dead  animals  the  blood  sugar  did  not  rise  to  nearly 
the  percentage  it  would  have  reached  if  the  injected  sugar  had  re- 
mained in  the  blood  vessels.  Here,  too,  the  percentage  gradually  fell, 
showing  that  from  30  to  71  per  cent  had  left  the  blood  without  any 
vital  forces  taking  part.  In  the  last  series,  the  dead  anterior  animals, 
a  similar  result  occurred;  from  55  to  73  per  cent  of  the  injected  sugar 
could  not  be  accounted  for  by  the  blood. 

All  these  experiments  show  that  the  injected  sugar  disappeared 
quickly  from  the  circulation.  The  first  question  that  arises  is:  Is 
all  this  sugar  rapidly  burned  up  by  the  organism?  The  oxidation 
of  carbohydrate  in  the  animal  body  is  usually  tested  by  determining 
the  respiratory  quotient,  a  rapid  rise  of  which  to  or  near  to  unity 
being  taken  as  an  indication  of  sugar  combustion.  This  has  not  been 
done  by  us,  but  it  is  well  known  that  after  the  ingestion  or  injection 
of  dextrose  into  the  normal  animal  a  rise  in  the  respiratory  quotient 
occurs.  There  is,  however,  no  reason  to  assume  that  a  nephrecto- 
mized animal  will  bum  dextrose  twice  as  fast  as  a  normal  animal. 
Yet  this  would  have  to  be  the  assimiption  if  we  were  to  eiq>lain  the 
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results  of  our  normal  and  nephrectomized  series  on  the  basis  of  a 
rapid  combustion.  Tangl,*^  indeed,  has  found  that  after  nephrectomy 
the  gas  exchange  is  diminished  for  3^  to  4  hoiurs,  after  which  it  begins 
to  rise  slowly.  It  therefore  seems  that  a  nephrectomized  animal  does 
not  have  a  greater  metabolism  than  a  normal  one  during  our  experi- 
ments and  probably  does  not  oxidize  more  sugar.  Another  argu- 
ment against  rapid  combustion  is  the  disappearance  of  large  amoimts 
of  sugar  from  the  blood  of  dead  animals.  Here  it  can  hardly  be 
a  question  of  increased  metabolism. 

The  transformation  of  dextrose  into  glycogen  in  the  liver  is  im- 
doubtedly  only  a  small  factor  in  the  disposal  of  intravenously  in- 
jected glucose.  This  is  evident  from  the  work  of  Harley"  and,  more 
especially,  of  Frexmd  and  Popper."  The  latter  analyzed  lobes  of  the 
liver  before  and  after  dextrose  injection,  and,  when  iising  a  dosage 
like  ours,  found  no  increase  in  the  glycogen  content.  Our  experi- 
ments upon  anterior  animals,  in  which  dextrose  disappeared  from  the 
blood  stream  when  all  the  abdominal  viscera  were  cut  off  from  the 
circulation,  demonstrate  clearly  that  the  glycogenic  function  of  the 
liver  is  not  of  great  significance  in  tracing  the  fate  of  intravenously 
injected  dextrose. 

Undoubtedly  one  of  the  most  important  factors  is  the  passage  of  the 
sugar  into  the  surrounding  soft  tissues.  In  two  experiments  upon  the 
dead  entire  animal  practically  all  the  dextrose  not  found  in  the  blood 
was  accounted  for  by  the  increased  amoimt  of  sugar  in  the  muscles. 
In  the  other  experiments  upon  dead  whole  animals  and  dead  anterior 
animals,  from  9  to  38  per  cent  was  estimated  to  be  present  in  the 
muscles,  and  in  three  living  anterior  animals  the  estimations  for 
muscle  sugar  were  5,  9,  and  32  per  cent  of  the  amount  injected. 
Evidently,  a  large  and  variable  proportion  of  the  injected  dextrose 
simply  passes  through  the  capillaries  into  the  muscle  tissue.  No 
doubt,  the  same  process  occurs  in  other  parts  of  the  body,  more 
especially  in  all  the  soft  tissues.  The  rapid  disappearance  of  sugar 
from  the  blood  is  therefore,  to  a  large  extent  at  least,  not  difficult  to 
explain. 

However,  the  passage  of  dextrose  into  the  tissues  is  not  the  only 
cause  for  its  disappearance,  for  even  in  the  dead  animal  experiments 

•^Tangl,  F.,  Biochcm.  Ztsckr.,  1911,  xxxiv,  1. 
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we  could  not  account  for  all  the  injected  sugar  in  any  of  the  anterior 
experiments  or  in  two  of  the  four  experiments  upon  the  dead  whole 
animal.  It  is  possible  that  some  part  of  the  dextrose  is  converted 
into  higher  carbohydrates  in  certain  tissues.  In  fact  some  evidence, 
presented  in  the  foregoing  pages,  indicates  that  this  does  occur  in 
the  muscles.  In  the  living  anterior  experiments  an  increase  in  the 
higher  carbohydrates  of  muscle  occurred  in  two  out  of  the  three 
cases  in  which  the  muscle  was  analyzed.  The  same  result  was  ob- 
tained in  the  dead  whole  animals  in  three  out  of  four  tests,  while  in 
the  dead  anterior  animals  there  was  little  or  no  formation  of  poly- 
saccharides. Apparently  a  condensation  does  occur  in  the  muscles. 
But  this  does  not  accoimt  for  any  more  of  the  sugar  which  has  disap- 
peared from  the  blood  because  it  has  already  been  included  in  our  esti- 
mations. It  may  be  that  such  a  reaction  occurs  to  the  same  or  to  a 
greater  extent  in  other  tissues  and,  in  that  way,  a  large  part  of  the 
missing  fraction  would  be  accounted  for. 

The  fact  that  in  the  dead  whole  animal  a  considerable  condensation 
to  a  higher  carbohydrate  occurred  in  the  muscles,  while  in  the  anterior 
ones  very  little  was  evident,  suggests  that  this  reaction  may  be  influ- 
enced by  an  intra-abdominal  organ.  In  the  living  anterior  animals, 
however,  a  similar  polymerization  was  foimd.  To  harmonize  this 
with  the  above  suggestion  one  would  be  obliged  to  assume  that  the 
almost  insignificant  amoimt  of  circulation  still  existing  posterior 
to  the  diaphragm  in  living  anterior  animals  suffices  to  bring  from  the 
abdomen  the  substance  required  to  aid  in  the  condensation.  In  the 
dead  anterior  animals  the  artificial  circulation  maintained  at  times 
by  massaging  the  heart  would  not  be  enough  to  bring  this  about. 

As  other  investigators  have  suggested,  it  is  possible  that  a  part  of 
the  injected  dextrose  is  broken  down  to  lower  incompletely  oxidized 
compoimds.  It  would  therefore  not  be  entirely  burned  and  at  the 
same  time,  it  would  not  be  found  as  dextrose.  We  have  no  evidence 
to  offer  on  this  point. 

SUMMARY. 

1.  As  has  been  found  by  other  investigators,  when  a  large  amount 
of  dextrose  is  injected  intravenously  into  a  normal  dog  it  disappears 
from  the  circulating  blood  in  about  90  minutes  after  the  end  of  the 
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injection.    Varying  amounts  (an  average  of  60  per  cent)  are  excreted 
in  the  urine. 

2.  Even  in  nephrectomized  £iniinals  the  same  quantity  will  leave 
the  circulation  in  the  same  length  of  time  as  in  normal  animals. 

3.  This  phenomenon  seems  to  be,  at  least  to  a  great  extent,  inde- 
pendent of  vital  processes,  since  dextrose,  after  intravenous  injection 
into  dead  animals,  is  foimd  to  leave  the  blood  rapidly. 

4.  The  phenomenon  is  independent  of  the  important  abdominal 
organs,  for  it  also  occurs  in  animals  (Uvmg  or  dead)  in  which  the 
aorta  and  inferior  vena  cava  have  been  ligated  near  the  diaphragm, 
thus  abolishing  most  of  the  circulation  posterior  to  the  diaphragm. 

5.  The  fact  that  a  considerable  amount  of  the  sugar  passes  from 
the  circulation  mto  the  surrounding  tissues  was  estabUshed  by  finding 
an  increa|e  in  the  carbohydrates  of  the  muscle  tissue.  This  was 
done  in  the  case  of  the  living  anterior  animals  and  in  the  whole  and 
anterior  dead  animals.  In  most  of  these  experiments  there  was 
also  evidence  of  the  formation  of  polysaccharides  in  the  muscle  tissue. 
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The  question  as  to  what  may  be  the  function  of  a  kidney  excluded 
from  all  nervous  influences  is  not  settied  at  present,  in  spite  of  many 
experimental  attempts  by  various  observers.  The  reason  for  this 
lies  in  the  fact  that  none  of  the  methods  employed  to  solve  the  question 
have  been  free  from  criticism.  That  the  kidney  is  plentifully  sup- 
plied with  nerves  is  well  known;  but  that  these  have  any  further 
function  than  that  of  vasomotor  control  has  not  been  proved.  At- 
tempts to  demonstrate  secretory  fibers  to  the  kidney  in  either  the 
vagus  or  splanchnic  nerves  or  their  branches  have  given  only  con- 
flicting evidence. 

Removal  of  all  the  nerve  filaments  at  the  renal  hilus  by  dissection 
would  exclude- the  kidney  from  the  nervous  system,  so  that  its  func- 
tion could  be  compared  with  that  of  a  normal  organ.  But  on  examin- 
ing the  situation  more  closely  one  finds  that  such  method  of  nerve 
removal  has  been  found  most  uncertain  in  its  results.^  This  is 
due  to  the  fact  that  the  nerve  filaments  supplying  the  organ  not  only 
lie  in  a  network  closely  applied  to  the  renal  vessels,  but  also  run 
partiy  within  the  walls  of  these  vessels.  It  has  therefore  been  sug- 
gested to  use  some  chemical  means  of  destruction,  such  as  painting 
with  carbolic  add  after  the  dissection.  But  even  imder  these  cir- 
cumstances one  is  never  absolutely  sure  that  all  nerves  have  been 
removed.    Also,  in  such  thin  walled  vessels  as  the  renal  vein,  car- 

*  Presented  in  abstract  at  the  meeting  of  the  Federation  of  American  Societies 
for  Experimental  Biology,  Boston,  Dec.  26,  1915. 

1  G>hnheim,  J.,  and  Roy,  C.  S.,  Untersuchungen  tiber  die  Circulation  in  den 
Niercn,  Virckaws  Arck,  f,  Patk,  Anal,,  1883,  xcii,  443. 
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bolic  add  extensively  used  may  cause  a  local  reaction  leading  to 
thrombosis.  For  these  or  other  reasons,  none  of  the  evidence  thus 
far  brought  forward  in  regard  to  the  fimction  of  such  kidneys  is 
convincing. 

It  has  been  shown  by  workers  on  the  methods  and  possibilities  of 
blood  vessel  suture  that  a  kidney  removed  from  the  body  of  an  experi- 
mental animal,  and  later  reimplanted  by  restoration  of  the  cir- 
culation, is  able  to  support  life  in  a  presumably  normal  fashion. 
With  one  exception,  however,  all  such  investigators  have  been  en- 
gaged in  demonstrating  the  possibility  of  the  operation,  and  have 
not  concerned  themselves  with  the  detailed  physiological  fimction 
of  the  organ. 

In  the  present  investigation  it  was  desired  to  examine  in  detail  the 
fimction  of  a  kidney  which  had  been  removed  from  the  body  and 
subsequently  replaced.  By  this  method  it  is  certain  that  the  organ 
is  entirely  outside  the  sphere  of  all  nervous  influences  for  a  time  at 
least,  if  not  permanently.  Furthermore,  the  response  of  such  a 
kidney  to  the  various  fimctional  tests  gives  at  least  indirect  evidence 
on  the  question  of  secretory  innervation. 

HISTORICAL. 

Asher*  is  one  of  the  most  recent  investigators  to  attempt  the  demonstration 
of  secretory  nerves  to  the  kidney.  With  his  coworkers,  Pearce  and  Jost,  he  has 
made  observations  which  seem  to  show  that  the  vagus  nerve  carries  secretoxy 
fibers,  while  the  splanchnic  carries  inhibitory  ones;  at  least  so  far  as  the  water 
output  of  the  kidney  is  concerned.  Jungmann  and  Meyer,'  after  cutting  the 
splanchnic,  found  an  increase  of  urine  and  of  sodium  chloride  delivered  from  the 
kidney  on  the  same  side  as  the  severed  nerve.  Rhode  and  Ellinger,*  however, 
obtained  different  results,  which  led  them  to  believe  that  the  splanchnic  has  an 
inhibitory  action.    The  dijfficulty  seems  to  lie  in  the  fact  that  in  the  methods 

*  Asher,  L.,  Die  Innervation  der  Niere,  Deuisch,  med,  Wchnsckr,,  1915,  xli,  1000. 
Asher,  L.,  and  Pearce,  R.  G.,  Die  sekretorische  Innervation  der  Niere,  Zischr.  /. 
BioLy  1914,  Ixiii,  83.  Jost,  W.,  Die  sympathische  Innervation  der  Niere,  Ztsckr.  /. 
Biol.,  1914,  bdv,  441. 

'Jungmann,  P.,  and  Meyer,  £.,  Experimentelle  Untersuchungen  Uber  die 
Abhfingigkeit  der  Nierenfunktion  vom  Nervensystem,  Arch.  f.  exper.  Path,  u. 
Pharm.,  1913,  bmii,  49. 

*  Rhode,  E.,  and  Ellinger,  P.,  t)ber  die  Funktion  der  Nierennerven,  Zentralbl. 
f.  Physiol.,  1913-14,  xxvii,  12. 
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employed  to  elucidate  the  problem,  the  circulatory  effects  of  vagus  or  splanchnic 
stimulation  completely  mask  other  possible  effects. 

More  recently  Pearce*  has  employed  the  method  of  Barcroft  in  which  the 
oxygen  consumption  of  the  kidney  is  used  as  the  index  of  cellular  activity,  and 
he  has  been  imable  to  confirm  his  previous  work  done  with  Asher. 

Transplantation  or  reimplantation  of  the  kidney  has  been  found  surgically 
possible  by  Carrel,  Stich,  and  a  few  others.'  The  most  recent  worker  on  this 
subject  has  been  Lobenhoffer.  His  is  the  only  work  which  attempts  in  any 
detailed  way,  to  study  the  function  of  a  kidney  so  treated.  He  united  the  severed 
renal  vessels  to  those  of  the  spleen  in  dogs,  and  was  successful  in  ten  instances. 
After  removal  of  the  other  kidney,  the  water  and  salt  output,  as  well  as  that  of 
lactose  and  sugar  caused  by  phloridzin,  was  studied.  His  results  show  that 
such  a  kidney  is  able  to  meet  not  only  the  ordinary  demands  of  life,  but  also  the 
excessive  ones  set  up  by  the  experimental  injections.  Further  details  of  his  work 
will  be  discussed  later. 

Zaaijer^  has  recently  reported  the  survival  and  complete  health  of  a  dog  bearing 
a  single  kidney,  which  had  been  transplanted  to  the  iliac  vessels  6  years  pre- 
viously. 

Method, 

The  experiments  were  carried  out  on  large  dogs  of  both  sexes. 
After  examination  of  the  various  regions  where  the  kidney  might  be 
placed,  it  was  decided  not  to  transplant  the  organ,  but  to  reimite  it 
to  its  own  severed  vessels;  for  in  this  way  the  nearest  approach  to 
normal  physiological  conditions  is  secured. 

Although  the  left  kidney  of  the  dog  is  somewhat  more  accessible 
than  the  right,  and  has  slightly  longer  vessels,  the  renal  artery  on  the 
left  is  often  bifurcated,  or  even  may  leave  the  aorta  as  two  separate 
vessels.  This  reduces  the  caliber  of  the  arteries  and  doubles  the 
amount  of  time  spent  in  sewing.  The  right  side  was  chosen,  there- 
fore, in  nearly  all  instances. 

*  Pearce,  R.  G.,  and  Carter,  £.  P.,  The  Influence  of  the  Vagus  Nerve  on  the 
Gaseous  Metabolism  of  the  Kidney,  Am.  Jour.  Physiol.,  1915,  xxxviii,  350. 

'  Carrel,  A.,  Doppdte  Nephrektomie  und  Reimplantation  einer  Niere,  Arch.  /. 
klin.  Vhir.,  1908-09,  kxxviii,  379.  Stich,  R.,  tfber  Geffiss-  und  Organtrans- 
plantation  mittelst  Gefassnaht,  Ergebn.  d.  Chir.  u.  Orihop.,  1910,  i,  1.  Lobenhoffer, 
W.,  Funktionsprilfungen  an  transplantierten  Nieren,  MiU.  a.  d.  Grenzgeb.  d.  Med.  u. 
Chir.,  1913,  xxvi,  197. 

'  Zaaijer,  J.  H.,  Dauerresultat  einer  autoplastischen  Nierentransplantation  bei 
einem  Hunde,  Beitr.  z.  klin.  Chir.,  1914,  xciii,  223. 
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Ether  was  used  by  the  intratracheal  method  in  all  the  experi- 
ments. This  method  of  administration  is  important,  because  by 
its  use  the  respiratory  movements  can  be  reduced  to  a  minimum, 
or  even  abolished.  A  motionless  field  is  thus  obtained  which  is  of 
great  aid  in  accurate  and  speedy  sewing. 

The  animals  were  prepared  for  operation  by  shaving  over  the 
abdomen  and  far  down  onto  the  flanks.  This  area  was  then  made 
sterile  by  soap  and  water,  alcohol,  ether,  and  tincture  of  iodine.  A 
catheter  was  placed  in  the  bladder,  and  in  the  case  of  male  dogs,  was 
carried  off  to  the  left  side  where  it  remained  during  the  operation. 
The  surgical  asepsis  was  in  every  respect  as  strict  as  possible;  gowns 
and  gloves  were  worn,  although  during  the  actual  suture  of  the  blood 
vessels  the  gloves  had  to  be  removed,  following  which  the  hands  were 
carefully  coated  with  sterile  vaselin. 

Transverse  Abdominal  Incision. — Indsion  is  made  transversely 
across  the  abdomen  just  above  the  level  of  the  lunbilicus,  and  extend- 
ing from  the  outer  border  of  the  left  rectus  abdominis  across  the  ri^t 
side  down  to  the  erector  spinas  group  of  muscles  (Fig.  1) .  This  is 
well  shown  in  the  illustrations."  Failure  to  prolong  the  incision  far 
enough  towards  the  posterior  wall  of  the  abdominal  cavity  prevents 
easy  access  to  the  whole  kidney  region,  and  makes  the  suture  diffi- 
cult or  impossible. 

The  abdomen  is  entered  in  layers,  careful  attention  being  paid  to 
hemostasis.  After  incision  of  the  skin  and  subcutaneous  tissues,  the 
fascia  of  the  external  oblique  is  picked  up  on  the  right,  at  the  outer 
border  of  the  rectus.  It  is  lifted  up,  incised,  and  the  incision  pro- 
longed well  toward  the  flank.  The  internal  oblique-  is  similarly 
treated.  The  rectus  is  dissected  bluntly  from  its  underljong  sheath 
as  far  as  the  middle  line,  when  it  is  cut  through.  The  left  rectus  is 
similarly  divided.  After  entering  the  abdomen  through  the  linea  alba, 
the  transversalis  can  be  quickly  cut  down  in  either  direction  (Fig.  2) . 
The  woimd  gapes  widely  and  needs  no  retraction.    All  the  intestines 

*  This  method  of  entrance  to  the  abdominal  cavity  is  of  great  aid  in  the  per- 
formance of  other  operations,  such  as  £ck  fistula  and  those  involving  the  biliary 
passages  or  adrenal  glands.  It  is  illustrated  not  because  the  procedure  is  in  any 
way  new,  but  because  I  have  found  that  its  value  is  not  generally  recognized  by 
laboratory  investigators. 
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except  the  duodenum  and  descending  colon,  are  then  lifted  out  of 
the  abdomen  to  the  left,  where  they  lie  covered  by  silk  handkerchiefs 
impregnated  with  liquid  vaselin  (Fig.  3). 

Preparation  of  Kidney  and  Renal  Vessels  for  Suture. — ^Af  ter  section 
of  the  peritoneum  about  the  kidney,  it  is  lifted  out  and  turned  toward 
the  middle  line  of  the  body  where,  surroimded  with  gauze,  it  is  gently 
held  by  the  assistant.  In  this  position  the  renal  artery  comes  first 
to  view,  and  it  is  carefully  cleaned  as  far  as  the  aorta  of  all  surroimd- 
ing  tissue  and  nerves.  This  is  done  by  blimt  dissection  and  by 
wiping  with  dry  gauze.  The  kidney  is  allowed  to  fall  back  into  place, 
and  the  vein  is  similarly  cleaned  as  far  as  the  vena  cava^  The  uretqr 
is  next  stripped  downward  for  about  6  or  7  cm.  The  field  is  then 
carefully  washed  with  salt  solution,  every  bleeding  point  caugt^t 
and  tied,  and  after  drying,  the  whole  is  coated  with  liquid  vaselin, 
including  the  kidney  and  its  vessels.  The  two  rubber-covered 
serrefines  are  then  placed  on  the  artery,  two  others  on  the  vein,  and 
the  vessels  are  cut  between  them.  The  ureter  is  cut  long.  The 
kidney  is  then  removed  from  the  body  and  placed  on  a  clean  gauze 
pad.    The  gloves  are  now  removed. 

Vessel  Suture, — ^The  ends  of  the  severed  vessels  are  washed 
quickly  with  salt  solution  from  a  bxilb  pipette,  till  every  trace  of 
blood  is  removed.  They  are  then  coated  with  liquid  vaselin.  The 
adventitia  is  removed  from  the  ends  of  the  arteries  in  the  usual  way, 
after  which  the  whole  field  within  the  abdomen  is  covered  with  vase- 
lined  silk  handkerchiefs  leaving  only  the  stumps  of  the  renal  vessels 
protruding.  These  handkerchiefs  are  held  in  place  by  brass  clip$ 
used  by  stationers,  called  "O.K.  paper  fasteners." 

The  most  exacting  and  important  part  of  the  vascular  suture 
lies  in  placing  the  three  primary  guide  or  tension  stitches.  This  is 
made  much  easier  by  using  a  suture  armed  with  two  needles,  one  at 
either  end.  In  this  way  the  suture  can  always  be  passed  from  within 
the  vessel  outward.  The  circumference  of  the  vessel  ends  must  be 
accurately  divided  into  thirds  by  these  tension  sutures. 

The  artery,  being  behind  the  vein,  is  sewed  first,  using  an  over- 
and-over  stitch.  This  is  followed  by  suture  of  the  vein.  The  serre- 
fine  clamps  are  then  removed  from  the  vein  and  the  vessel  is  allowed 
to  fill  under  moderate  pressure,  rolling  it  a  bit  between  the  thumb 
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and  finger.  The  artery  is  next  freed  while  held  between  the  thumb 
and  finger  so  as  partially  to  control  the  tension  during  the  first  few 
moments  of  blood  flow.^  After  the  vascular  suture  is  ended,  the 
ureter  is  reunited  by  the  invagination  method  of  Van  Hook.  Fol- 
lowing this,  the  operative  field  is  cleaned  of  blood,  and  the  peritoneum 
readjusted  by  a  few  interrupted  sutures  about  the  periphery  of  the 
kidney.  Special  pains  should  be  taken  to  see  that  the  kidney  is 
replaced  high  enough  toward  the  liver  so  that  there  is  no  angulation 
of  the  vein. 

Closure  of  the  Abdomen. — ^The  next  step  consists  in  closmg  the 
abdomen  after  the  bowels  have  been  replaced.  This  is  made  certain 
by  using  first  a  mattress  suture  of  stout  silk  placed  in  the  linea  alba. 
After  tying  this,  the  severed  abdominal  muscles  can  easily  be  approxi- 
mated in  layers.  A  continuous  suture  is  used  for  the  transversalis, 
including  at  the  same  time  the  peritoneimi.  Mattress  stitches 
are  used  for  the  recti,  while  the  obliques  are  held  by  interrupted 
sutures.  Closure  of  the  subcutaneous  tissue  and  skin  completes 
the  operation.  Silk  is  used  throughout  the  operation,  both  for  ties 
and  sutures. 

The  dog  is  placed  in  a  metabolism  cage  so  that  the  urine  can  be 
accurately  collected  and  measured. 

The  operation  is  a  difficult  one,  but  after  some  experience  it  was 
found  possible  to  restore  the  circulation  in  about  an  hour  following 
its  interruption.  Forty-three  dogs  were  subjected  to  operation,  of 
which  sixteen  survived  in  suitable  condition  for  further  physiological 
observations. 

Examination  of  the  Renal  Function. 

The  operated  animals  were  divided  into  two  series.  In  the  first, 
the  fimction  of  the  reimplanted  kidney  was  compared  with  that  of 
the  intact  one,  at  periods  varying  from  2  days  to  3  weeks  after  the 
primary  operation.  For  this  purpose  the  animal  was  anesthetized 
with  paraldehyde,  each  ureter  brought  out  onto  the  flank  through 

*  The  method  of  suture  used  is  that  elaborated  by  Carrel.  Carrel,  A.,  La  tech- 
nique op6ratoire  des  anestomoses  vasculaires  et  la  transplantation  des  viscdres, 
Lyon  mid.f  1902,  xcviii,  859;  Anastomosis  and  Transplantation  of  Blood  Vessels, 
Am.  Med.,  1905,  x,  284;  The  Surgery  of  Blood  Vessels,  Etc.,  Bull.  Johns  Hopkins 
Hosp.,  1907,  xviii,  18. 
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lumbax  indsions,  and  the  urines  were  compared.    This  method  has 
been  described  in  a  previous  communication.*® 

The  dogs  of  the  second  series  were  subjected  to  removal  of  the 
unoperated  kidney  at  times  varying  from  5  to  14  days  after  the  pri- 
mary operation.  The  work  of  their  remaining,  reimplanted  kidney 
was  later  examined  and  compared  with  that  of  control  dogs,  in  whom 
a  single  nephrectomy  had  been  done. 

Series  I. 

Two  typical  protocols  will  suffice  to  show  the  results  of  this  series. 

June  17,  1915.  Dog  66.  Weight  10,454  gm.  Operation  at  10  a.m.;  reim- 
plantation of  right  kidney. 

June  18.  Has  made  a  good  recovery.  Blood  urea  is  0.502  mg.  per  liter." 
Excretion  of  phenolsulphonephthalein  given  intravenously  is  51  per  cent  in  2 
hours." 

June  19.  Given  paraldehyde,"  1 .7  cc.  per  kilo  of  body  weight,  by  stomach  tube, 
followed  by  200  cc.  of  water.  Ureters  exposed  in  loins,  and  cannuls  introduced 
delivering  into  test-tubes.    Carotid  blood  pressure  recorded  on  kymograph. 

11.10  a.m.    Urine  appears  without  delay  from  each  side.    Collected  for  1  hour. 

12.10  pjn.  5.0  gm.  of  sodium  chloride  in  20  cc.  of  water  given  intravenously. 
Good  diuresis  from  each  side;  urine  collected  for  1  hour. 

1.10  p.m.  Animal  killed.  The  blood  pressure  during  the  experiment  varied 
from  128  to  138  mm.  of  mercury,  except  just  after  the  injection  of  the  hyper- 
tom'c  salt  solution.    The  sutured  vessels  were  free  from  obstruction. 

Microscopic  examination  of  the  reimplanted  kidney  showed  the  capsular  spaces 
wide  for  the  most  part,  and  the  glomerular  tufts  containing  a  considerable  amount 


I'Quinby,  W.  C,  and  Fitz,  R.,  Observations  on  Renal  Function  in  Acute 
Experimental  Unilateral  Nephritis,  Arch,  Int.  Med.,  1915,  xv,  303. 

"  As  was  shown  in  the  commtmication  noted  above  (Quinby  and  Fitz>^)  the 
two  most  dependable  tests  of  renal  function  are  the  excretion  of  phenolsulphone- 
phthalein and  the  estimation  of  the  blood  nitrogen  or  blood  urea.  The  urease 
method  of  Marshall  {J(mr.  Biol.  Chem.,  1913,  xv,  487)  was  used.  By  this  the 
normal  amount  of  blood  urea  of  the  dog  is  found  to  lie  between  0.200  and  0.380 
or  0.400  mg.  per  liter.  The  phenolsulphonephthalein  excretion  was  estimated 
by  the  method  of  Rowntree  and  Geraghty  {Jour.  Pharmacol,  and  Exper.  Therap., 
1909-10,'  i,  579).  Paraldehyde  was  used,  because  in  proper  dosage  it  causes 
neither  diuresis  nor  lowered  blood  pressure.  It  must  be  used  fresh,  however, 
because  it  loses  strength  on  exposure  to  the  air,  thus  making  the  dosage  uncertain.' 
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of  blood.  The  cells  and  nuclei  of  the  tubules  were  well  preserved  except  in  a 
very  few  areas  where  a  small  amount  of  cellular  desquamation  had  taken  place. 
The  blood  vessels  were  everywhere  dilated,  but  no  evidence  of  thrombosis  or 
infarction  could  be  found.  A  considerable  number  of  hyaline  bodies  were  seen 
in  the  collecting  tubules,  evidently  casts.  The  uninvolved  kidney  was  normal 
in  all  respects.  Its  capsules  showed  active  diuresis,  but  the  blood  vessels  were 
not  so  evidently  dilated  as  were  those  of  the  operated  organ. 


1st  hr. 

Before  diuresis 
2ndhr. 

After  diuresis 


/  Right 
\  Left. . 

/Right 
\  Left. . 


Amount  of 
urine. 

Percentage  of 
NaCT 

Amount  of 
NaCl.* 

cc. 

fM. 

5.0 

0.90 

0.045 

2.5 

0.55 

0.013 

60.0 

0.95 

0.570 

22.0 

0.95 

0.209 

*  The  chlorides  were  determined  by  the  Volhard  method  at  first;  later  by  that  of 
IbCcLean  and  Van  Slyke  (Jour.  Biol.  Chem.,  1915,  xxi,  361). 

We  see  that  here  the  kidney  without  nerves  shows  an  increased 
function  over  the  normal  one,  both  before  and  after  diuresis. 


June  30,  1915.    Dog  67.    Weight  11,363  gm.    Left  kidney  reimplanted. 

July  12.  Has  made  a  good,  recovery.  Urine  free  from  albumin  and  sugar. 
Average  daily  amount,  195  cc.  Given  paraldehyde,  1.7  cc.  per  kilo  of  body  weight, 
followed  by  200  cc.  of  water.  Ureters  exposed  on  flanks  and  cannulated.  Blood 
pressure  tracing  from  carotid. 

11.05  a.m.  Flow  from  right  kidney  begins  a  little  later  than  from  left  which 
started  immediately  on  delivering  ureter.  Urine  collected  for  1  hour  after  flow 
from  each  was  established. 

12.16  p.m.  5.0  gm.  of  sodium  chloride  in  20  cc.  of  water  injected  intravenously. 
Marked  diuresis. 

1.20  p.m.  Animal  killed.  Blood  pressure  average  was  133  mm.  of  mercury. 
Renal  vessels  without  trace  of  dot,  though  there  were  a  few  adhesions  about  the 
kidney.  A  sample  of  blood  drawn  just  before  death  showed  0.354  mg.  of  urea 
per  liter. 

Microscopic  examination  showed  that  both  kidneys  were  normal  in  all  respects 
except  that  in  the  one  previously  reimplanted  a  few  mitotic  figures  could  be  found 
in  the  tubular  cells  after  careful  search.  These  were  evidently  the  sequel  of 
previous  cellular  degeneration. 


WILLIAH  C.  QXJINBY 


543 


Amount  of 
urine. 

Percentage  of 
NaCl. 

Amount  of 
NaQ. 

Isthr. 

,^  ,        ,,        ,     J  Riffht 

2.5 
3.0 

40.0 
36.0 

1.12 
0.93 

0.82 
0.96 

0.028 

Before  diuresis  <  -^ 

0.028 

2nd  hr. 

. ,       ,,       ,       J  Right 

0.328 

After  diuresis     <      ° 

0.345 

In  this  experiment  the  operated  kidney  has  a  function  about  the 
same  as  that  of  the  normal  side. 

These  two  protocols  fairly  represent  the  findings  in  this  first  series 
which  comprised  eleven  dogs.  For  a  period  following  operation 
varying  from  10  to  14  days  the  denervated  kidney  shows  an  increased 
absolute  fimction  both  for  fluid  and  salt,  as  compared  with  the  normal 
kidney.  At  times  this  increase  is  relative  as  well.  This  is  true  of  the 
unstimulated  organ,  and  especially  so  of  the  one  subjected  to  the 
diuretic  action  of  sodium  chloride.  Beyond  this  period,  however, 
the  balance  is  regained,  so  that  each  organ,  operated  and. intact, 
divides  the  labor  in  very  nearly  equal  parts. 

We  see  here  also  that  absence  of  the  renal  nerves  abolishes  the 
temporary  inhibition  of  flow  so  often  seen  normally  after  the  handling 
of  the  ureters  necessary  for  their  exposure  in  the  loin.  Urine  from 
the  denervated  side  always  flowed  immediately  on  section  of  the 
ureter;  but  in  some  instances  the  normal  side  showed  an  inhibition 
lasting  for  as  long  as  5  minutes.  This  is  analogous  to  the  temporary 
inhibition  occasionally  seen  on  passage  of  a  ureteral  catheter  in  man. 

Series  II. 

The  following  is  a  typical  protocol. 

Nov.  20,  1915.  Large  male,  of  Newfoundland  t3rpe.  Weight  15,900  gm. 
Intratracheal  ether  and  reimplantation  of  right  kidney.  Circulation  restored 
after  being  interrupted  for  1  hour. 

Nov.  23,  1915.    Has  made  a  good  recovery;  eats  well  and  does  not  vomit. 

Nov.  30,  1915.    Has  entirely  recovered.    Wound  healed  by  first  intention. 

Dec.  4,  1915.  Ether.  Lateral  incision  in  left  flank  through  which  the  kidney 
was  removed  after  ligation  of  its  vessels  with  silk.    Wound  closed  in  layers. 

Dec.  7, 1915.  Has  made  an  excellent  recovery.  Passes  320  to  340  cc.  of  urine 
daily.    Blood  urea,  0.456  mg.  per  liter.    Phenolsuphonephthaldn,  60  per  cent  in 


544        FUNCTION  OF  KIDNEY  WHEN  DEPRIVED  OF  ITS  NERVES 


2  hours.  Urinary  sediment  shows  a  rare  blood  corpusde;  no  casts;  a  few  leukocytes. 
Sugar  and  albumin  absent. 

Dec.  11,  1915.  Animal  well.  The  24  hour  amount  of  urine  has  fallen  some- 
what and  its  concentration  has  increased. 

Dec.  14,  1915.  Has  a  rather  marked  balanitis,  and  does  not  urinate  until  the 
demand  is  imperative.  After  about  48  hours  during  which  no  urine  was  passed, 
voided  a  little  over  700  cc. 

Dec.  18, 1915.  Balanitis  has  responded  to  irrigation  with  boric  add  and  animal 
is  now  well.  Output  of  phenolsulphonephthalein,  50  per  cent  in  1  hour.  No 
albumin  or  sugar. 

Dec.  22,  1915.  Intravenous  injection  of  500  cc.  of  normal  (0.8  per  cent)  salt 
solution.  Urine  withdrawn  by  catheter  at  30  minute  intervab  showed  the  fol- 
lowing: 


NftQ  per  liter. 


1st  half  hr. 
2nd  "  " 
3rd  "  " 
4th    "    " 


gm. 

10.6 
12.3 
13.0 
17.2 


The  urine  before  diuresis  contained  19.10  gm.  of  sodium  chloride 
per  liter.  It  is  thus  seen  that  the  kidney  responds  quickly  to  diuresis 
and  regains  its  equilibrium  within  a  normal  time  limit. 

Jan.  31,  1916.  Given  2  gm.  of  lactose  intravenously.  At  the  end  of  5  hours. 
1.72  gm.  were  found  in  the  urine. 

Feb.  7,  1916.  The  24  hour  amount  of  urine  has  been  measured  for  65  days, 
giving  an  average  of  180  cc.    It  contains  neither  albumin  nor  casts. 

Feb.  9, 1916.  Blood  urea  0.320  mg.  per  liter.  61  per  cent  of  phenolsulphone- 
phthalein is  excreted  in  1  hour.    Animal  seems  to  be  perfectly  normal. 

Four  other  animals  of  this  series  were  killed  after  having  shown 
normal  kidney  fimction  for  a  month  or  longer.  In  each  instance 
the  kidney  showed  microscopic  evidences  of  some  hypertrophy  of 
the  elements,  which  usually  occurs  after  unilateral  nephrectomy. 
In  two  instances  the  kidney  also  showed  a  small  depressed  scar  in 
the  cortex  with  sclerosis  of  the  normal  elements  and  infiltration  by 
connective  tissue.  These  areas  seemed  to  be  the  result  of  small 
focal  necroses  caused  by  interruption  of  the  blood  supply  during 
operation.  They  Were  never  of  any  considerable  size,  so  that  the 
fimction  of  the  organ  remained  uninfluenced. 
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The  results  of  this  second  series  show  that  the  life  of  dogs  having 
a  single  reimplanted  kidney  is  maintained  in  a  normal  manner,  as 
estimated  by  renal  fimctional  tests  as  well  as  by  other  more  general 
methods  of  observation. 

DISCUSSION. 

The  experiments  of  the  first  series  show  that  the  inmiediate  efiFect 
of  loss  of  nerve  control  over  the  kidney  is  a  period  of  overaction.  This 
occurs  in  all  cases,  and  in  the  presence  of  apparent  health,  as  judged 
by  the  general  condition  of  the  animal,  by  the  normal  content  of  the 
blood  in  urea,  and  by  a  normal  output  of  phenolsulphonephthalein. 
This  period  exists  for  a  varying  time,  but  balance  has  always  been 
restored  by  the  end  of  2  weeks.  The  kidney  recently  deprived  of 
its  nerves  is  without  vasomotor  control;  the  organ  is  tense  and 
appreciably  enlarged;  its  vessels  are  dilated,  and  following  the  in- 
crease of  blood  flow  there  is  an  increase  of  fimction  over  that  of  the 
normal  organ.  Resumption  of  tone  on  the  part  of  the  blood  vessels 
brings  again  normal  function. 

The  results  here  would  seem  to  be  analogous  to  those  vasomotor 
changes  occurring  in  the  splanchnic  area  after  section  of  the  cord. 
Following  this  operation  there  occurs  a  marked  dilatation  of  the 
mesenteric  vessels,  but  in  a  short  time  vasomotor  control  is  again 
established.  Vascular  tone  may  be  resumed  through  the  interven- 
tion of  other  more  peripheral  nerve  ganglia,  or  the  smooth  muscle 
fibers  of  the  vessel  wall  may  possibly  regain  their  tone  without  such 
intervention.  Also,  in  the  kidney  there  are  ganglion  cells,  especially 
in  the  region  of  the  renal  sinus,  which  may  be  responsible  for  the 
resumption  of  vasomotor  control.  Although  we  know  that  fibers 
of  the  sympathetic  type  are  able  to  regenerate  much  more  quickly 
than  are  those  of  the  peripheral  nerves,  that  they  should  be  able  to 
grow  to  the  renal  blood  vessels  and  resume  control  over  them  within 
2  weeks  after  section  seems  improbable.  Certainly  nerve  control 
by  the  normal  pathways  could  never  have  been  regained  in  Zaaijer's 
dog  whose  kidney  was  sutured  to  the  iliac  vessels,  or  in  those  of 
Lobenhoffer  who  used  the  splenic  vessels. 

The  time  variation  in  regaining  normal  fimction  is  probably  to  be 
explained  by  the  greater  or  less  degree  of  surgical  insult  in  the  indi- 
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vidual  case.  No  kidney  showed  normal  function  after  being  ex- 
cluded from  the  circulation  for  longer  than  1  hour  and  20  minutes. 

The  second  series  of  observations  indicates  that  a  single  kidney 
which  has  been  removed  from  the  body  and  subsequently  reimplanted, 
can  maintain  normal  life  for  apparently  indefinite  periods.  Also 
such  a  kidney  is  able  to  respond  to  the  excessive  demands  made  on 
it  by  the  injection  of  various  test  substances.  My  results  in  this 
group  of  experiments  fairly  coincide  with  those  of  Lobenhoflfer, 
except  in  a  few  details.  He  foimd  that  the  24  hour  amount  of  urine 
passed  by  his  dogs  varied  between  1,500  and  2,000  cc.  This  is  quite 
imusual.  Normal  cage  dogs  in  a  large  number  of  observations  made 
by  us,  are  foimd  to  pass  from  200  to  450  or  500  cc.  of  urine  daily, 
having  a  specific  gravity  of  about  1.030.  Of  course  this  is  but  a 
rough  average,  since  all  our  animals  had  water  continuously  at  hand, 
and  must  have  .  taken  varying  amoimts  from  day  to  day.  Their 
diet  was  of  meat.  I  feel,  therefore,  that  the  continuous  excretion 
of  such  large  amoimts  of  urine  tends  to  suggest  the  absence  of  com- 
plete  retuxS  to  normal  conditions. 

Again,  in  the  three  infusion  experiments  reported  by  Lobenhoffer, 
his  animals  put  out  amounts  of  water  and  salt  which  varied  widely, 
though  the  quantities  infused  were  the  same.  In  the  few  infusions 
done  by  me  the  resulting  outputs  were  all  within  10  or  12  per  cent  of 
each  other. 

The  observations  on  the  relative  values  of  the  different  methods 
used  for  testing  renal  function  made  by  Quinby  and  Fitz'®  showed 
that  the  estimation  of  the  blood  nitrogen,  or  that  part  of  it  composing 
the  blood  urea,  and  the  output  of  phenolsulphonephthalein,  together 
form  the  best  means  of  measuring  renal  function.  Further  experi- 
ence with  these  tests  in  clinical  work  by  many  observers  has  confirmed 
this  opinion.  I  have  therefore  been  content  to  follow  the  dogs  of 
this  second  series  by  means  of  these  tests,  rather  than  by  phloridzin 
or  lactose,  as  did  Lobenhoffer. 

The  above  results,  though  they  throw  no  direct  evidence  on  any 
possible  secretory  fimction  of  either  the  vagus  or  splanchnic  nerves, 
seem  to  suggest  that  if  this  exists  it  must  play  a  minor  and  infre- 
quent part.  Under  all  the  conditions  produced  both  by  my  experi- 
ments and  by  those  of  Lobenhoffer,  the  denervated  kidney  has  been 
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seen  to  react  in  an  entirely  normal  manner.  One  may  ask,  there- 
fore, if  secretory  nerves  to  the  kidney  are  assimied  to  exist,  under 
what  conditions  they  are  manifest;  for  no  lack  of  such  action  seems 
to  be  demonstrable.  Added  to  the  inability  of  the  present  observations 
to  show  any  failure  of  kidney  fimction  which  might  be  ascribed  to 
lack  of  secretory  nerve  influence,  is  the  recent  work  of  Cow,"  who 
finds  in  the  duodenal  mucosa  some  substance  which  has  a  definite 
diuretic  effect  on  the  kidney  by  means  of  a  hormone  action. 

It  is  probable  that  vasomotor  conditions  in  the  kidney,  added  to  the 
chemical  and  hormone  action  of  substances  contained  in  the  circulat- 
ing blood,  will  be  foimd  entirely  adequate  to  explain  all  variations 
and  types  of  normal  renal  fimction. 

SUMMARY. 

1.  By  means  of  vascular  suture  it  is  possible  to  remove  the  dog^s 
kidney  from  the  body  and  later  to  restore  it  to  its  former  position. 

2.  Such  a  kidney  is  removed  from  the  control  of  the  nervous  system, 
at  least  for  a  time. 

3.  Examination  of  the  fimction  of  a  kidney  so  treated  shows  an 
initial  period  of  overaction,  as  compared  with  that  of  the  normal 
kidney. 

4.  This  is  followed  by  balanced  action. 

5.  The  more  recent  tests  of  renal  function  show  that  a  single,  re- 
implanted  kidney  is  able  to  maintain  normal  life  indefinitely. 

6.  The  results  of  these  experiments,  together  with  the  evidence 
already  at  hand,  suggest  strongly  that  secretory  nerves  to  the  kidney 
do  not  exist. 

EXPLANATION  OF  PLATES. 

« 

Plate  81. 

Fig.  1.  The  transverse  abdominal  indsion  extending  from  the  outer  border 
of  the  left  rectus  muscle  well  down  into  the  right  flank. 

Plate  82. 

Fig.  2.  The  oblique  muscles  and  both  recti  have  been  divided  and  the  ab- 
domen is  being  opened  by  indsion  of  the  transversalis  in  a  direction  parallel  to 
its  fibers. 

"Cow,  D.,  Jour.  Physiol,,  1914-15,  xUx,  441. 


548        FXJNCTION  OF  KIDNEY  WHEN  DEPRIVED  OF  ITS  NERVES 

Plate  83. 

Fig.  3.  The  intestines  have  been  withdrawn  for  the  most  part  from  the 
abdomen,  and  lie  to  the  left  covered  by  silk  handkerchiefs.  The  kidney,  with 
its  vessels  and  ureter,  lies  well  exposed.  Above  the  kidney  is  seen  a  portion  of 
one  of  the  lobes  of  the  liver.  At  its  inner  side  lie  the  inferior  vena  cava,  and 
the  pancreas  enclosed  by  a  portion  of  the  duodenum. 
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A  METHOD  FOR  OBTAINING  SUSPENSIONS  OF   LIVING 

CELLS  FROM  THE  FIXED  TISSUES,   AND  FOR 

THE  PLATING  OUT  OF  INDIVIDUAL  CELLS. 

By  PEYTON  ROUS,  M.D.,  and  F.  S.  JONES,  V.M.D. 

• 

(.From  the  Laboratories  of  The  Rockefeller  Institute  for  Medical  Research.) 

Plates  84  to  87. 
(Received  for  publication,  January  15,  1916.) 

The  only  cells  of  the  mammalian  body  which  lend  themselves  as 
individuals  to  accurate  experimentation  in  vitro  while  yet  alive  are 
the  blood  cells,  the  cells  of  exudates,  and  the  spermatozoa.  In  say- 
ing this  we  do  not  overlook  the  usefulness  of  tissue  cultivation  or 
of  experiments  with  living  tissue  fragments,  of  the  transplantable 
tumors  for  instance.  But  both  means  of  study  involve,  not  individual 
cells,  but  complexes  of  different  cells,  which  can  be  standardized 
only  roughly,  and  which  caimot  be  broken  up  into  their  component 
elements  or  protected  from  confusing  factors,  such,  for  example, 
as  are  introduced  by  death  and  autolysis  of  the  central  tissue  por- 
tions. These  difficulties  have  led  us  to  work  out  a  method  whereby 
living  tissue  cells  can  be  obtained  as  individuals  in  suspension,  and, 
if  desired,  can  be  plated  out  in  a  culture  medium  (plasma)  just  as 
are  bacteria.  After  growth  the  cells  can  be  liberated  again,  and 
again  plated  successfully. 

The  method  consists,  in  brief,  in  the  growth  of  tissue  in  plasma, 
according  to  Carrel  and  Burrow's  modification  of  Harrison's  technique, 
and  the  liberation  of  the  new  cells  by  digestion  of  the  clot  with  trypsin. 
We  had  noted  that  if  the  serum  of  a  growing  tissue  culture  is  replaced 
with  Locke's  solution  at  room  temperature  the  cells  of  the  growing 
strands  that  extend  out  into  the  medium  sometimes  contract  into 
spheres,  which  may  be  separate  or,  when  growth  has  been  dense, 
loosely  attached,  side  by  side.  The  general  outline  of  the  culture 
is  maintained  because  the  cells  are  held  in  place  by  the  fibrin  network; 
and  if  senun  is  added  and  incubation  renewed  they  again  put  forth 
processes,  and,  joining  each  other,  again  form  strands.    The  problem 
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has  been  to  cause  the  cells  to  contract  and  then  to  liberate  them 
from  the  fibrin  network.  This  is  readily  done  with  trypsin  in  Locke's 
solution  (Fig.  1) ;  and  the  resulting  suspension  can  be  freed  by  filtra- 
tion of  all  but  individual  cells. 

Method. 

We  have  used  the  trypsin  powders  of  Merck,  Griibler,  and  Kahl- 
baum.  It  is  necessary  to  free  them  as  far  as  possible  from  the  am- 
moniimi  sulphate  which  constitutes  the  greater  part  of  their  bulk. 
According  to  Kirchheim,^  the  trypsin  of  Merck  does  not  contain 
ammoniimi  sulphate;  but  we  have  found  it  present  in  as  great  amount 
as  in  the  other  preparations  mentioned.  It  should  be  got  rid  of  by 
Kirchheim's  method.  The  trypsin  powder  is  shaken  briefly  in  ab- 
solute alcohol  and  allowed  to  stand  while  the  heavy  sulphate  settles 
out.  The  supernatant  flocculus  is  collected  on  a  filter,  rapidly  washed 
with  ether,  dried  in  the  air,  and  dissolved  in  Locke's  solution  (Locke's 
modification  of  Ringer's  solution,  but  without  sugar).  The  yield 
from  2  gm.  of  the  unpurified  trypsin  is  dissolved  in  98  cc.  of  Locke's 
solution.  The  cloudy,  yellowish  fluid  is  filtered,  first  through  paper, 
then  through  a  Berkef eld  cylinder  (N)  to  sterilize  it,  and  is  distributed 
in  test-tubes  and  kept  in  the  ice  box.  It  loses  very  slowly  its  ability 
to  digest  and  can  still  be  used  after  2  months.  3  per  cent  trypsin 
digests  plasma  clots  more  rapidly  and  does  not  harm  most  cells; 
but  5  per  cent  kills  cells.  Unpurified  trypsin  powders  can  be  employed 
but  the  results  are  not  so  good. 

The  tissue  from  which  cells  are  to  be  obtained  should  be  cultivated 
preferably  in  plasma  diluted  with  Locke's  solution  in  order  that  the 
fibrin  network  to  be  digested  shall  be  slight.  A  mixture  of  one  part 
of  plasma  with  three  of  Locke's  solution  is  a  medium  suitable  for  most 
tissues.  If  there  is  need  for  a  thick  suspension  of  cells  many  bits  of 
tissue  should  be  grown.  It  is  convenient  to  flood  them  in  small 
Petri  dishes  with  a  thin  layer  of  the  dilute  plasma.  After  clotting 
has  taken  place  each  dish  is  sealed  to  prevent  evaporation,  and  placed 
in  the  incubator.  A  stout  cord  dipped  in  hot,  sterile  paraffin  and 
thrust  between  the  outer  and  inner  rim  of  the  dish,  with  one  end 

^  Earcfaheim,  L.,  Arch,  /.  cxper.  Path,  u,  Pharm,,  1911,  Izvi,  352. 
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left  free,  is  useful  for  sealing.    A  pull  on  the  free  end  will  release 
the  top  of  the  dish. 

When  growth  is  established  the  trypsin  solution,  warmed  to  37®C., 
is  poured  on,  filling  the  dish  above  the  plasma,  and  incubation  is 
continued.  In  a  few  minutes  some  of  the  tissue  fragments  are  free, 
and  within  about  an  hour  the  clot  has  disappeared  and  there  remains 
a  clear  fluid  containing  numerous  tissue  particles.  This  is  taken 
up  with  a  pipette,  stirred  to  break  up  any  loose  aggregations  of 
cells,  diluted  with  Locke's  solution,  filtered  through  sterile  gauze, 
and  centrifugalized.  The  fine,  powdery,  yellowish  gray  sediment 
win  consist  of  discrete  cells,  nearly  all  of  them  alive.  They  can  be 
washed  repeatedly  if  need  be.  We  prefer  for  this  purpose  the  "gela- 
tin-Locke's,"— ^Locke's  solution  containing  |  per  cent  of  gelatin, — 
which,  as  Rous  and  Turner  showed,^  protects  fragile  cells  against 
mechanical  injury.  If  the  cells  are  to  be  plated  again  in  plasma 
they  need  not  be  washed,  but  after  centrifugalization  can  be  suspended 
in  the  Locke's  solution  used  to  dilute  the  plasma.  Plating  is  done, 
as  before,  in  Petri  dishes. 

Results. 

The  cells  liberated  as  individuals  by  trjrpsin  are  those  which  grow 
out  into  the  mediimi  in  strands  or  a  meshwork,  or  which  wander  out 
sq>arately  (connective  tissue  cells,  endothelium  (?),  choroid,  sarcoma, 
and  splenic  tissue  cells).  Thus  far  we  have  used  successfully  the 
tissue  of  rat  and  chick  embryos,  of  rat  and  chicken  tiunors,  and 
the  normal  tissue  of  yoimg  rats.  Sheets  of  growing  cells  (epithelimn) 
are  not  readily  broken  up.  Whether  individual  q>ithelial  cells  can 
be  liberated  in  this  way  is  as  yet  imcertain.  But  small  groups  of 
epithelial  cells  are  obtained,  and  bits  of  striated  muscle  which  live  for 
a  brief  period  when  plated  again. 

The  individual  cells  become  approximately  spherical  when  in  sus- 
pension and  the  nuclei  also  tend  to,  though  less  perfectly.  The 
change  in  form  is  especially  noteworthy  in  the  case  of  elements 
which,  when  growing  in  culture,  are  stellate  or  of  an  attenuated 
spindle  shape  with  an  elongated  nucleus.    When  freed,  suspended  in 

'  Rous,  P.,  and  Turner,  J.  R.,  Jour.  Exper.  Med.,  1916,  xxiii,  219. 


552  SUSPENSIONS  OF  LIVING  CELLS  FROM  EDCED  TISSX7ES 

serum,  and  stained,  such  cells  show  no  trace  of  the  long  protoplasmic 
processes  which  they  had  while  growing.  With  Wright's  stain  certain 
of  them  derived  from  connective  tissue  and  probably  of  fibroblastic 
and  endothelial  origin  have  a  resemblance  to  the  mononuclear  series 
of  the  blood  (Fig.  2).  Their  cytoplasm  is  basophilic.  Other  cells 
from  the  same  source  are  three  or  four  times  the  diameter  of  any 
blood  element.  These  morphological  features  will  be  taken  up  in  a 
later  paper. 

The  freed  cells,  distributed  in  plasma  as  separate  individuals  and 
incubated,  soon  put  forth  processes  and  assume  their  original  form. 
Bits  of  striped  muscle  from  the  embryo  may  round  at  the  ends, 
thus  gaining  a  leech  shape,  and  put  out  short  processes  (Fig.  4).  We 
have  not  observed  them  to  proliferate.  But  the  spindle-shaped  and 
stellate  cells  of  connective  tissue,  sarcoma,  and  the  choroid  coat 
of  the  eye  multiply  rather  rapidly.  If  the  cells  are  numerous  the 
plate  will  show  at  the  end  of  24  hours  a  thick  mesh-  or  feltwork  con- 
sisting of  elements  once  separate  which  have  reached  out  and  joined 
each  other  by  means  of  attenuated  processes  (Fig.  3).  The  tendency 
of  scattered  cells  thus  to  connect  with  each  other  again  is  striking. 
At  the  end  of  48  hours  the  number  of  growing  elements  is  greatly 
increased,  not  only  by  proliferation  but  by  the  *  Vaking  up"  of  cells 
previously  spherical.  If  small  masses  of  cells  are  present  in  the 
culture,  as  the  result  of  incorrect  filtration,  growth  from  them  may 
be  almost  explosive,  each  mass  resolving  itself  into  elements  that 
radiate  in  every  direction. 

The  ReplaHng  of  Cultures. 

The  limits  of  the  method  have  not  yet  been  reached.  The  freed  and 
plated  cells  can  be  liberated  anew  after  growth  and  successfully  plated 
again  in  fresh  plasma.  To  judge  from  our  results,  the  process  can  be 
repeated  indefinitely.  Isolated  cells  of  the  chick's  choroid  continue 
to  form  pigment  after  they  have  been  twice  liberated  with  trypsin 
and  twice  replated  (Fig.  5). 

Cells  that  have  been  growing  in  tissue  cultures  for  more  than  24 
hours  when  freed  and  examined  in  suspension  show,  as  a  rule,  fat 
droplets,  and  corresponding  vacuoles  when  fixed  and  stained  in  the 
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spherical  state.  Fat  droplets  have  often  been  noted  in  tissue  cul- 
tures and  their  source  is  to  some  extent  known.'  But  they  are  much 
less  prominent  in  the  culture  with  its  extended  cells  than  in  the  freed, 
contracted  elements.  We  wish  to  emphasize  the  fact  that  they 
develop  very  early,  even  when  growth  is  taking  place  in  a  dilute 
plasma  mediimi.  Only  during  the  first  24,  or  rarely  the  first  48 
hours,  do  the  cells  appear  absolutely  normal.  Later  the  culture 
consists  for  the  most  part  of  abnormal  elements.  This  is  true  also 
of  the  freed  and  plated  cells.  It  follows  that  replating  should  be 
carried  out  at  least  every  48  hours. 

Technical  DifficulHes, 

The  initial  cultures  must  be  free  from  bacteria  if  the  cells  are  to 
be  replated  after  their  liberation.  For  the  tryptic  digestion  liberates 
not  only  tissue  cells  but  bacterial  colonies,  and  a  single  one  of  these 
latter  can  by  its  dispersion  ruin  all  of  the  new  plates.  For  this  reason 
it  is  best  to  cut  up  the  tissue  to  be  grown,  in  a  sterile,  glass-sided  box, 
closed  with  pieces  of  rubber  dam  at  the  ends,  throu^  apertures  in 
which  the  instruments  and  tissue  are  introduced,  and  the  hands  thrust, 
encased  in  sterile,  rubber  gloves.  A  small,  glass  hood  with  cloth 
sides  will  do  nearly  as  well,  and  it  is  useful  for  the  replating  of  cultures. 
Needless  to  say  a  single  contamination  at  any  time  will  ruin  a  se- 
quence of  plates.  If  the  cells  are  to  be  used  in  suspension  it  is  of  less 
importance. 

The  centrifugalization  to  bring  down  tissue  cells  brings  down  also 
fine  d6bris  such  as  bits  of  cotton,  particles  of  dust,  etc.,  from  the 
fluid.  By  the  time  cultures  have  been  twice  digested  and  plated, 
enough  of  this  will  have  been  collected  to  mar  their  appearance,  unless 
special  care  is  taken.  Such  care  consists  in  the  use  of  well  filtered 
fluids,  and  centrifuge  tubes  closed  with  corks  instead  of  cotton  or 
gauze  stoppers.  Much  time  can  be  saved  if  the  corks  are  hollowed 
to  fit  over  the  end  of  the  tube,  but  with  a  central  core  to  prevent 
dislodgement  (Text-fig.  1).  They  may  be  boiled  or  autoclaved.  The 
central  core  should  be  rather  short  in  order  that  it  may  remain  un- 
contaminated  when  the  cork  is  placed  on  an  ilnsterile  surface. 


'Lambert,  R.  A.,  Jour.  Exper.  Med.,  1914,  zix,  398. 
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TcxT-FiG.  1.  Centrifuge  tube  closed  with  an  easily  removable  cork  designed 
to  keep  the  contents  sterile. 

SUIOCAKY. 

Individual,  living,  tissue  cells  can  be  obtained  in  suspension  by 
digesting  with  trypsin  the  clot  of  growing  tissue  cultures.  Under 
these  circumstances  the  living  cells  assume  a  spherical  form.  When 
washed  and  plated  in  fresh  plasma  they  put  out  processes  and  pro- 
liferate. After  growth  in  the  new  plates  has  occurred  the  digestion 
and  plating  can  be  repeated.  The  limits  of  the  method  have  not 
yet  been  reached.  We  are  at  work  on  a  number  of  the  problems 
which  it  has  opened  up. 


EXPLANATION  OF  PLATES. 
Plate  84. 


The  cells  have 


Fig.  1.    Edge  of  a  culture  undergoing  digestion  with  trjrpsin. 
begun  to  contract  into  spheres.    (Chick  embryo.) 

Plate  85. 

Fig.  2.  Connective  tissue  and  endothelial  (?)  cells  liberated  from  cultures 
of  the  heart  musde  and  abdominal  muscle  of  a  3  day  old  rat.  Mononuclear  cells 
from  the  blood  of  the  same  animal.  Wright's  stain.  All  the  cells  are  drawn 
to  the  same  magnification. 
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The  cell  marked  a  has  ingested  two  red  cells.  One  cell  of  the  muscle  series 
shows  vacuoles  resulting  from  a  fatty  change,  and  another  has  attached  to  it 
undigested  fibrin  threads. 

Plate  86. 

Fig.  3.  Meshwork  formed  by  the  anastomosis  of  connective  tissue  cells 
liberated  by  trs^psin  and  plated  as  separate  individuab.    (Chick  embryo.) 

Plate  87. 

Fig.  4.  Striped  muscle  from  a  culture  incubated  24  hours  after  liberation  by 
trypsin  and  replating. 

One  fragment  of  muscle,  with  shazp-cut  ends  has  not  grown  and  has  under- 
gone fatty  change.  But  the  others  give  evidence  of  life,  as  shown  by  their 
change  in  form,  and  one  has  put  forth  a  process.    (Rat  embryo.) 

Fig.  5.  Cells  from  the  chick's  choroid  growing  after  two  liberations  with 
trjrpsin  and  two  replatings.    The  formation  of  pigment  is  going  on  actively. 
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By  TETSUTA  ITO,  M.D.,  and  HARUICHIRO  MATSUZAKI,  M.D. 
{From  the  Chiba  Medical  College  and  the  Chiba  Hospital^  Chiha,  Japan.) 

Plates  88  and  89. 

(Received  for  publication,  December  1,  1915.) 

Numerous  theories  exist  regarding  the  etiology  of  Weil's  disease. 
In  June  1914  Inada  first  observed  the  occurrence  of  a  spirochaeta 
in  this  disease,  which  he  designated  Spirochcsta  icterohamorrhagm. 
The  spirochaeta  has  since  been  identified  as  the  etiologic  agent  of 
Weil's  disease.  According  to  Inada^  the  spirochseta  does  not  grow 
in  solid  or  semisolid  culture  media  except  in  a  sUghtly  modified 
meditmi  originally  employed  by  Noguchi  for  the  cultivation  of  the 
spirochaetae  of  relapsing  fevers,  thus  necessitating  the  use  of  a  piece 
of  fresh  tissue  as  one  of  the  ingredients.*  The  pure  culture  of  this 
organism  produces  no  odor  and  is  invisible  to  the  naked  eye  on  ac- 
count of  the  transparency  of  its  colonies.  The  spirochaetae  grown 
in  these  cultures  are  few  in  number  (Table  I),  although  Inada  reports 
that  occasionally  there  were  as  many  as  fifty  individuals  in  a  field. 
Judging  from  the  comparatively  poor  growth  of  the  spirochat^,  it 
may  be  assmned  that  the  method  employed  by  Inada  is  still  far  from 
perfect.  Contrary  to  the  experience  of  Inada,  we  were  able  to  culti- 
vate the  organism  in  solid  or  semisolid  media,  and  we  have  succeeded 
also  in  obtaining  the  culture  in  a  fluid  medium. 

Material  for  Cultivation. — Guinea  pigs  are  inoculated  intraperi- 
toneally  with  blood  or  urine  from  a  person  suffering  from  Weil's 
disease,  and  after  the  animals  have  developed  unmistakable  symp- 
toms of  the  disease,  i.e.y  within  3  to  7  days  after  inoculation,  a  sufficient 
amount  of  blood  is  withdrawn,  under  general  anesthesia,  from  the 
heart  of  the  animals  by  means  of  a  sterile  syringe,  the  usual  aseptic 

*  Inada,  R.,  Jour.  Exper.  Med.,  1916,  xxiii,  377. 

*  Noguchi,  H.,  Jour.  Exper.  Med.,  1912,  xvi,  199. 
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precautions  being  observed.  The  samples  of  blood  thus  obtained 
are  examined  xmder  the  dark-field  microscope  for  the  spirochaetae 
and  those  with  a  positive  finding  are  selected  for  the  purpose  of  cul- 
tivation. The  blood  may  be  used  at  once  or  after  being  kept  in  a 
sterile  test-tube  for  several  days  at  room  temperature,  during  which 
time  the  spirochactse  increase  in  number  in  the  majority  of  instances. 
The  cultures  are  made  in  a  fluid,  a  semisolid,  or  a  solid  medium. 

A  small  piece  or  an  emulsion  of  the  liver  or  kidney  of  animals  that 
have  died  of  experimental  Weil's  disease  may  also  be  used  for  the 
purpose  of  cultivation,  but  we  prefer  blood  from  the  heart  on  account 
of  the  comparative  ease  with  which  other  bacteria  can  be  prevented 
from  entering  the  culture. 


TABLE  I. 

Date. 

No.  of  ipirochctc  in 
one  field. 

Date. 

No.  of  spirochctie  in 
one  fieid. 

1915 
May  14 

1-  2 
1-  5 
1-8 
1-18 
1-4 
4-10 
8-10 
20-30 

1915 
June  15 

14-15 

"    19 

"  18 

^-  4 

"   24 

"  21 

"   26 

Tunc   2 

J «•«>««    «••••■••• 

"     4 

«     8 

«    12 

Varieties  of  CtiUure  Media  and  Mode  of  CuUivaiion. 

(i)  Semisolid  and  Solid  Media. — ^Blood  agar  and  blood  gelatin 
were  foimd  to  be  the  most  satisfactory  media.  Blood  agar  is  pre- 
pared by  mixing  one  part  of  the  blood  from  a  normal  guinea  pig  or 
a  man  with  one  or  two  parts  of  the  ordinary  nutrient  agar  while  the 
latter  is  still  in  a  fluid  state  at  a  temperature  of  about  50®C.  The 
blood  gelatin  is  prepared  by  mixing  one  part  with  two  to  four  parts 
of  the  blood  at  a  temperature  of  about  25-30°C.,  at  which  the  gelatin 
is  still  fluid.  As  soon  as  the  media  are  prepared,  and  before  they 
become  solidified,  the  inoculation  is  made  by  adding  a  drop  of  the 
infected  blood  and  distributing  it  well  in  the  media  by  stirring  the 
tubes.    The  inoculated  tubes  are  now  placed  in  a  temperature  any- 


TETSUTA  ITO  AND  HARUICHIRO  MATSUZAKI  559 

where  between  15®  and  37**C.  As  a  rule,  a  layer  of  fluid  paraffin  about 
2  cm.  deep  is  poured  into  the  culture  tubes  in  order  to  cover  the  sur- 
face, although  an  abundant  growth  may  be  had  without  the  addition 
of  the  paraffin  oil.  It  may  be  remarked  that  these  blood  media 
appear  to  be  a  much  deeper  red  as  well  as  opaque  near  the  bottom, 
as  the  erythrocytes  gradually  sediment  before  the  agar  or  gelatin 
becomes  solidified. 

The  culture  tubes  are  best  left  undisturbed  for  at  least  10  to  14 
days.  The  greater  the  amount  of  infected  blood  introduced  into  the 
media,  the  more  certain  are  the  chances  of  obtaining  a  culture,  for 
the  reason  that  we  thereby  introduce  more  spirochaetae.  According 
to  our  experience  blood  gelatin  gives  a  better  result  than  blood  agar. 

The  commencement  of  growth  in  the  solid  media  is  not  constant, 
but  this  usually  takes  about  1  week,  after  which  the  spirochaetae 
increase  in  number  for  the  following  2  to  3  weeks,  at  which  time  the 
growth  reaches  its  maximum.  We  therefore  renew  the  culture  by 
transplanting  it  into  the  new  media  every  week  or  two.  For  this 
purpose  the  inoculation  is  made  by  the  stab  method. 

The  growth  of  the  spirochastae  is  accompanied  by  neither  an  offen- 
sive odor  nor  by  the  production  of  a  gas  and  there  is  no  liquefaction 
of  the  media. 

Morphology. — ^The  spirochaetas  grown  in  our  media  show  active 
movement  under  dark-field  illumination  (Leitz  apparatus)  and 
possess  a  number  of  small  rectangular  curves  regularly  set  along  the 
whole  length  of  the  organism.  It  is  difficult  to  count  the  curves 
accurately  while  the  spirochaetae  are  actively  moving,  but  there  are 
some  with  from  two  to  three  curves  and  some  with  as  many  as  fifteen 
curves.  The  long  spedmens  resemble  Spirochoita  pallida.  The 
body  of  the  spirochaeta  presents  a  granular  or  beaded  appearance 
due  to  the  unequal  refractive  power  as  manifested  by  different  sec- 
tions, the  sections  with  a  stronger  refractive  power  being  set  alter- 
nately with  those  possessing  a  weaker  power.  The  average  organisms 
show  more  than  fifteen  granules  and  the  size  of  the  granules  becomes 
somewhat  smaller  towards  the  extremities,  which  are  drawn  out  into 
sharp  points.  In  a  resting  specimen  or  before  motion  has  begun 
one  of  the  ends  may  assume  a  blimt  appearance. 

The  length  of  the  small  specimens  attains  a  quarter  of  the  diameter 
of  an  erythrocyte,  while  that  of  the  long  ones  is  five  times  as  long. 
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Moiiliiy. — ^The  movements  are  sometimes  forward,  sometimes 
backward,  and  at  times  certain  lateral  motions  are  also  noticed.  The 
organism  may  shoot  through  the  field  with  great  rapidity  or  display 
a  corkscrew  or  serpentine  movement  along  the  long  axis.  In  a  fresh 
preparation  sealed  with  dammar  and  kept  at  room  temperature,  the 
spirochaetae  become  gradually  sluggish  and  finally  immobile  within 
varying  lengths  of  time,  occasional  mobile  individuals  still  being 
discernible  among  them. 

Number  of  SpirochcBUB. — ^The  number  of  organisms  in  a  culture 
may  vary  according  to  the  age  of  the  latter,  but  they  are  generally 
innumerable,  as  they  gather  diffusely  or  in  bundles,  and  it  is  impossible 
to  coxmt  all  the  spirochsetae  in  a  field  (Fig.  1). 

Staining  Reaction. — ^The  organisms  do  not  take  any  of  the  ordinary 
aniline  dyes,  but  assume  a  pinkish  or  pinkish  purple  color  when 
stained  with  Giemsa's  solution.  The  appearance  of  the  stained 
spirochsetse  differs  considerably  from  the  morphological  features  of 
living  specimens  (Fig.  2).  They  are  much  heavier  near  the  middle 
and  taper  off  into  sharp  points  at  both  ends,  thus  resembling  Spi- 
rochcBta  refringens.  The  spirochaetae  in  a  stained  preparation  are 
much  shorter  than  the  organisms  observed  under  the  dark-field 
microscope.  The  organisms  grow  at  any  temperature  between  15° 
and  37®C.,  but  the  optimum  temperature  is  between  20**  and  25®C. 

Mode  of  Development. — In  a  solid  culture  where  the  inoculation 
of  the  spirochaetae  is  made  in  a  fluid  state  the  growth  is  diffuse 
throughout  the  media,  but  in  a  stab  culture  they  multiply  around 
the  stab  canal  and  then  spread  diffusely.  In  a  yoimg  culture  the 
spirochaetae  are  short  and  are  found  near  erythrocytes  or  sometimes 
attached  to  them.  As  time  passes  the  organisms  grow  longer  and 
wander  away  from  the  red  corpuscles  to  form  masses  or  remain  scat- 
tered. We  are  unable  to  decide  whether  the  spirochaetae  multiply 
by  longitudinal  or  transverse  division,  but  we  have  seen  two  speci- 
mens mtertwined.  In  some  instances  two  spiroch»t«  are  seen  to  be 
united  at  one  end,  while  a  bimdle  of  immobile  specimens  lying  parallel 
may  be  seen  to  break  up  suddenly  into  units  and  to  move  away 
individually. 

(2)  Fluid  Media. — ^Blood  serum  of  man  or  ox  diluted  with  an  equal 
part  of  distilled  water  or  undiluted  ascitic  fluid  or  pleural  exudate  is 
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sterilized  by  subjecting  it  to  a  temperature  of  50-60**C.  for  half  an 
hour  for  several  successive  days.  Sterile  tubes  are  each  filled  with 
10  cc.  of  the  fluid.  Another  way  of  preparing  a  fluid  medium  is  to 
foUow  the  method  of  Noguchi;  namely,  to  add  to  the  above  fluid 
a  small  piece  of  kidney  from  a  normal  guinea  pig  and  then  to  use 
the  media  after  ascertaining  the  sterility  by  incubating  them  for  24 
hours.  Instead  of  the  kidney,  small  amoimts  of  coagulum  of  human 
or  guinea  pig  blood  may  be  used. 

The  inoculation  of  the  fluid  media  is  made  by  introducing  one  or 
two  loopfuls  of  the  infected  blood  containing  the  spirochaetae.  The 
tubes  are  then  placed  in  a  temperature  varying  from  15-37®C.  By 
this  method  we  have  succeeded  in  obtaining  a  good  growth  which 
was  first  noticed  after  3  to  10  days  by  the  appearance  in  the  clear 
fluid  of  a  hght  haze  resembling  a  culture  of  SpirocluBta  pallida.  Upon 
examination  under  the  microscope  numerous  spirochstae  identical 
with  those  grown  in  a  soUd  medium  were  found.  Unfortunately, 
the  culture  died  out  in  the  second  generation,  probably  owing  to 
contamination  with  a  bacillus  of  the  coli  type  or  to  the  lack  of  the 
red  corpuscles  in  the  fluid  media.  The  transfer  in  this  case  was  made 
on  the  5th  day  and  the  spirochaetae  died  on  the  5th  day  of  the  second 
generation. 

A  pleural  exudate  rich  in  fibrin  seems  to  be  the  most  suitable 
fluid  mediimi  for  the  purpose  of  cultivating  this  organism. 

Pathogenicity, — For  the  purpose  of  determining  the  pathogenic 
property  of  the  pure  culture  of  the  spirochaeta  we  have  inoculated 
a  smaU  quantity  of  the  culture  into  the  peritoneal  cavity  of  a  nimiber 
of  guinea  pigs.  In  the  course  of  4  to  8  days  after  the  inoculation  the 
animals  succumbed  after  the  usual  symptoms  of  the  disease.  The 
post-mortem  showed  all  the  characteristic  lesions.  From  these 
animals  we  have  recovered  the  same  organism  in  pure  culture.  This 
experiment  completes  the  links  of  evidence  proving  that  the  spiro- 
chaeta in  question  is  the  causative  agent  of  Weil's  disease,  and  it  shows 
that  the  pathogenicity  of  the  organism  is  not  noticeably  diminished 
through  artificial  cultivation.  The  spirochaetae  were  foimd  in  sec- 
tions of  the  liver  of  the  guinea  pig  from  which  the  culture  was  derived 
and  of  the  guinea  pig  which  showed  the  typical  symptoms  after 
receiving  the  inoculation  of  the  culture  (Figs.  3  and  4). 
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According  to  Ashizawa's  experiment,  blood  serum  from  a  patient 
once  attacked  by  Weil's  disease  has  a  slight  bactericidal  action  upon 
the  spirochsetae  cultivated  by  our  methods. 

CONCLUSIONS. 

Pure  cultures  of  the  spirochetal  causative  agent  of  the  disease 
known  as  Weil's  disease,  or  febrile  icterus,  in  Japan,  have  been  ob- 
tained by  us  in  a  solid,  a  semisolid,  and  a  fluid  mediiun.  The  spiro- 
cheta  thus  isolated  remains,  pathogenic  for  guinea  pigs  for  many 
generations.  Up  to  the  present  time  we  have  succeeded  through 
the  courtesy  of  Professor  Nagayo,  Dr.  Konuma,  and  Dr.  Ishihara,  in 
cultivating  three  different  strains. 

The  spirochceta  is  a  facultative  anaerobe. 

The  solid  and  semisolid  culture  media  possess  one  disadvantage, 
in  that  they  are  opaque  on  account  of  the  addition  of  red  blood 
corpuscles;  but  it  is  hoped  that  this  drawback  may  soon  be  over- 
come by  further  studies.  We  shall  report  later  the  results  of  investi- 
gations regarding  various  questions  in  immunity  as  well  as  further 
details  regarding  the  biological  properties  of  the  spirochseta. 

We  wish  to  express  our  gratitude  for  the  many  valuable  suggestions 
and  the  assistance  which  Professor  Dohi  and  Dr.  Noguchi  rendered  us 
during  the  execution  of  the  present  work. 

EXPLANATION  OF  PLATES. 

Plate  88. 

Fig.  1.  Dark-field  view  of  Spirochmta  icUrofugmorrhaguB  from  a  pure  culture 
in  a  semisolid  blood  gelatin  medium.  The  dark  spheroid  bodies  with  a  refrac- 
tive ring  are  erythrocjrtes.  The  white,  wavy,  beaded  lines  represent  the  spi- 
rochaets.    Semischemadc. 

Fig.  2.  A  film  preparation  of  Spirochcsta  icterohcanorrhagUB  from  a  pure  cul- 
ture in  a  semisolid  blood  gelatin  medium.    Giemsa's  stain.    Semischematic. 

Plate  89. 

Fig.  3.  Distribution  of  Spiroch€pia  icterofuanorrhaguE  in  the  liver  of  a  guinea 
pig  in  which  tjrpical  symptoms  and  lesions  had  been  produced  by  injecting  a 
pure  culture  of  the  organism.    Levaditi  silver  impregnation  method.     X  1»000. 

Fig.  4.  A  film  preparation  of  liver  emulsion  obtained  from  a  guinea  pig 
which  died  of  experimental  Weil's  disease  produced  by  a  pure  culture  on  the 
sixth  day.     Giemsa's  stain.     X  1,000. 
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field.  Arsenic,  mercury,  quinine,  and  certain  dyes  are  perhaps  the 
only  substances  which  up  to  now  have  been  regarded  with  assurance 
as  leads  for  chemo therapeutic  development.  And  of  these,  with  the 
exception  of  optochin  and  perhaps  of  salicylic  add,  all  have  beefa 
indicated  for  protozoan  infections  only,  and  there  is  promise  that 
by  the  proper  development  of  these  substances  the  problem  of  the 
control  of  most  protozoan  infections  will  be  successfully  solved. 

When  we  turn,  however,  to  the  cure  of  infections  of  purely  bacterial 
origin  the  problem  which  confronts  us  is  found  to  be  more  difficult  of 
attack.  Here  not  only  the  difficulty  of  procuring  a  suitable  experi- 
mental infection  as  a  test  object,  but  the  absence  of  clinical  observa- 
tions which  might  be  regarded  in  the  nature  of  leads  which  could  form 
the  basis  for  a  rational  chemotherapeutic  procedure,  makes  it  im- 
perative from  the  start  to  seek  for  such  leads.  The  successful  chemi- 
cal development  of  quinine  which  led  to  the  discovery  of  ethylhy- 
drocuprein  already  indicates  that  resource  may  be  had  eventually 
to  the  above  mentioned  protozoan  leads.  And  it  is  a  fact  that  per- 
haps with  the  exception  of  salicylic  add  this  drug  is  the  first  sub- 
stance to  have  been  used  successfully  in  an  experimental  bacterial 
infection.  This  one  fact  creates  the  hope  that  chemotherapy  may  find 
a  wider  application  in  the  control  of  bacterial  infections.  It  is  con- 
ceivable, however,  that  ultimate  success  may  depend  upon  the  find- 
ing of  leads  other  than  those  which  have  been  successfully  used  against 
protozoan  infections. 

It  would  seem  that  a  wealth  of  material  should  lie  ready  among  the 
numerous  classes  of  organic  substances  which  have  been  foimd  to  exert 
powerful  bacteriddal  effects  in  vitro.  But  the  failure  of  many  of 
these  when  tried  in  experimental  infections  has  led  to  the  realization 
that  besides  a  bacteria-killing  property  the  fulfillment  of  certain  other 
requirements  is  essential  for  the  achievement  of  an  internal  anti- 
sepsis. Some  workers  believe  that  no  indication  of  the  probable 
effect  of  a  substance  in  vivo  can  be  discerned  from  its  action  in  vUro^ 
and  that  the  successful  control  of  an  infection  by  chemical  agents  can 
be  attained  only  by  indirect  means.  This  might  occur,  on  the  one 
hand,  as  perhaps  in  the  case  of  atoxyl,  by  the  chemical  transforma- 
tion in  vivo  of  the  injected  drug  into  some  active  form.  On  the  other 
hand,  the  substance  might  act  through  the  protective  mechanism  of 
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the  host  either  by  increasing  phagocjrtosis  or  by  stimulating  the 
production  of  immunity  principles.  It  is,  of  course,  probable  that  in 
some  instances  these  phenomena  might  play  a  part  and  that  a  possible 
scheme  of  chemotherapeutic  attack  could  be  developed  along  these 
lines. 

Owing  to  the  ease  of  handling  bacteria  in  vitro  and  the  simplicity  of 
the  bactericidal  tests  it  would  be  unwise  because  of  former  failures  to 
condemn  the  in  vitro  method,  at  least  as  a  means  of  initial  orientation. 
If  it  were  accompanied  by  certain  parallel  studies  the  in  vitro  method 
should  do  more  than  afford  only  orientating  data.  As  pointed  out  by 
Bechhold  and  Ehrlich^  and  others  in  the  past,  besides  a  mere  bac- 
tericidal power  other  conditions  must  be  fulfilled  before  a  substance 
may  be  considered  even  a  possibility  as  a  therapeutic  agent,  pro- 
vided of  course  a  direct  action  by  the  drug  itself  is  in  question. 

Aside  from  the  obvious  conditions  of  solubility  and  relative  non- 
tozidty,  the  drug  once  in  the  circulation,  whether  by  direct  intra- 
venous injection  or  by  absorption,  must  be  maintained  therein  for  a 
sufficient  length  of  time  and  in  sufficient  concentration  in  order  to  un- 
fold its  in  vitro  effect.  In  other  words,  its  free  access  to  the  fod  of 
infection  should  not  be  completely  obstructed. 

To  accomplish  this  it  must  not  enter  too  rapidly  into  chemical  or 
physical  combination  with  the  constituents  of  the  tissues,  of  which  the 
blood  is  a  fair  representative.  It  must  not  be  too  speedily  eliminated. 
And,  finally,  it  must  not  be  too  rapidly  altered  in  any  way  by  met- 
abolic processes  which  would  nullify  its  bacteriddal  character. 
There  may  be  still  other  and  less  definite  factors  which  separate  the 
in  vitro  from  the  desired  in  vivo  result.  If,  however,  the  in  vitro  bac- 
teriddal tests  could  be  complemented  by  a  paraUel  study  of  those 
properties  of  substances  which  would  dedde  whether  they  could 
satisfy  the  above  requirements  in  vivo,  our  choice  of  substances  for  the 
in  vivo  experiments  could  be  in  great  measure  controlled.  A  system, 
though  somewhat  arbitrary,  would  be  substituted  in  an  imdertaking 
which  would  otherwise  be  directed  by  a  haphazard  and  entirely 
opportimistic  policy. 

These  considerations  have  convinced  us  that  the  procedure  in  the 
search  for  leads  in  the  chemotherapy  of  bacterial  infections  may  be 

>  Bechhold,  H.,  and  Ehrlich,  P.,  Ztsckr.  f.  pkysioL  Chem,,  1906,  xlvii,  173. 
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logically  systematized  as  follows:  Substances  which  either  by  their 
general  structure  or  by  the  possession  of  characteristic  atomic  groups 
are  representative  of  as  many  types  of  organic  substances  as  possible 
should  be  systematically  selected  for  bacteriological  and  biological 
testing.  Such  facts  as  the  bactericidal  power  and  partial  spedfidty 
for  certain  types,  compatibility  with  tissue  constituents  (serum),  and 
resistance  to  profound  and  rapid  metabolic  alteration  should  be  noted 
and  considered  in  the  final  interpretation  of  what  in  the  chemical 
constitution  of  the  substances  is  responsible  for  the  observed  biological 
behavior. 

With  organic  substances  there  will  be  considerable  difficulty  in 
satisfying  the  last  requirement.  In  the  case  of  arsenicals  and  mer- 
curials it  is  immaterial  whether  metabolization  should  occur,  for  the 
therapeutic  characteristics  of  such  compotmds  are  elements.  Their 
value  may  partly  depend  upon  such  metabolization.  It  does  not  seem 
improbable,  however,  that  bactericidal  substances  may  be  found 
which,  even  though  to  a  less  degree  than  the  arsenicals  and  mercurials, 
may  be  sufficiently  resistant  to  metabolic  changes  to  enable  them  to 
produce  a  sterilizing  efiFect  before  they  are  disposed  of  by  the  host. 
The  large  nimaber  of  pharmacologically  active  preparations  must  aU 
persist  long  enough  after  administration  to  produce  their  physiologi- 
cal actions. 

From  the  representative  substances  which  have  been  found  to 
possess  the  required  biological  properties,  two  classes  of  leads  might 
be  obtained:  fijrst,  those  substances  which,  like  quinine,  owe  their 
bactericidal  action  to  the  general  structure  of  the  molecule;  and, 
second,  those  which,  like  phenol,  are  bactericidal  principally  be- 
cause of  the  possession  of  a  certain  atomic  group.  Once  in  the 
possession  of  bactericidogenic^^  tissue-compatible  molecules  or  side- 
chains,  the  same  systematic  development  so  successfully  employed  in 
the  development  of  organic  arsenicals  by  the  alteration  or  addition  of 
groups  to  the  molecule  might  be  here  repeated  in  order  to  augment 
the  specific  bactericidal  action,  to  detoxify  it,  or  in  some  other  way 

*  The  word  hdctericidogenic^  of  obvious  derivation,  is  employed  in  this  and  the 
following  articles  as  a  convenient  term  to  express  the  property  of  certain  chemical 
groups,  when  introduced  into  an  organic  molecule,  of  imparting  bactericidal  prop- 
erties to  that  molecule. 
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furnish  it  with  biologically  desirable  properties.  In  this  way  sub- 
stances could  be  obtained  which  would  form  a  rational  basis  for 
chemotherapeutic  investigations. 

The  problem  of  the  chemotherapy  of  bacterial  infections  and  a  pos- 
sible scheme  for  its  systematic  attack  have  been  discussed  above  in 
some  detail  with  the  purpose  of  affording  a  basis  for  a  better  imder- 
standing  of  the  material  which  will  be  presented  in  the  foUowing 
papers. 

From  its  nature  this  material  will  touch  on  but  one  phase  of  the 
above  scheme  and  no  claim  is  made  of  its  complete  realization.  We 
shall  present  the  results  obtained  in  a  systematic  attempt  to  alter 
chemically  the  molecule  of  hexamethylenetetramine  with  the  object 
of  obtaining  a  class  of  bactericidal  substances  which  could  be  em- 
ployed in  experimental  infections.  The  use  of  this  drug  was  inspired 
by  the  interest  felt  by  Dr.  Flexner  in  the  possible  application  of  some 
of  its  derivatives  in  the  treatblent  of  experimental  poliomyelitis,  and 
the  material  which  will  here  be  presented  is  but  a  part  of  a  larger 
imdertaking  executed  with  it. 

We  shall  attempt  to  show  how,  by  the  selection  of  a  certain  molec- 
ular group,  namely  hexamethylenetetramine,  it  has  been  possible  to 
demonstrate  its  general  bacteriddogenic  character.  By  the  combi- 
nation of  this  substance  in  the  form  of  quaternary  salts,  in  the 
manner  to  be  described  later,  with  a  great  variety  of  other  molecular 
groupings  a  new  class  of  bactericidal  substances  has  been  prepared' 
in  which  the  bactericidal  nature  was  principally  attributable  to  the 
hexamethylenetetramine  nucleus.  On  the  other  hand,  the  degree 
of  this  action  was  determined  by  the  nature  of  the  molecular 
groups  added  to  hexamethylenetetramine.  These  added  groups 
were  likewise  responsible  for  the  partial  specificity  of  certain  of  the 
preparations  for  particular  bacterial  species.  This  partial  specificity 
did  not  favor  one  species  alone,  but  all  the  species  tested  were  foimd 
to  be  separately  and  specifically  susceptible  to  some  particular  t3^e 
of  hexamethylenetetramine  derivative.  We  must  therefore  conclude 
that  the  bacteriddogenic  character  of  hexamethylenetetramine  ex- 

*  For  the  chemistry  of  these  substances  and  the  references  to  those  prepared 
by  others  see  Jacobs,  W.  A.,  and  Heidelberger,  M.,  Jour.  BioL  Chem,,  1915,  xx, 
659,  685;  1915,  xxi,  103,  145,  403,  439,  455,  465. 
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hibited  in  its  quaternary  salts  is  not  specific  but  general  in  character. 
The  spedfidty,  however,  is  furnished  by  the  proper  choice  of  the 
molecular  grouping  added. 

It  will  also  be  shown  that  a  few  of  the  hexamethylenetetraminium 
compounds  which  were  tested  were  either  not  at  all  or  but  slightly 
inhibited  by  serum.  A  few,  on  the  other  hand,  were  found  to  be 
greatly  inhibited  by  senun.  The  fact,  however,  that  any  one  of  the 
hexamethylenetetraminium  salts  is  compatible  with  serum  is  enough 
to  dem6nstrate  the  serum  compatibility  of  the  bactericidogenic  hexa- 
methylenetetramine  portion  of  the  molecule  itself.  We  have  here, 
therefore,  a  bacteriddogenic,  serum-compatible  group.  The  remain- 
der of  the  molecule  determines  the  serum  incompatibility  of  those 
substances  the  action  of  which  was  found  to  be  inhibited  by  serum. 

In  the  same  way  the  toxidty  relationships  were  found  to  be  deter- 
mined by  the  groups  contained  in  that  portion  of  the  molecule  added 
to  the  hexamethylepetetramine  nudeus. 

We  can  regard  the  material  here  presented  merely  as  a  beginning, 
but  we  feel  that  such  a  treatment  of  the  problem  as  here  presented 
may  ultimately  result  in  an  accumulation  of  data  which  will  be  of 
value  in  the  systematic  search  for  substances  which  may  be  used  in  the 
control  of  experimental  bacterial  infections.  Before  passing  judg- 
ment, however,  on  the  chances  offered  by  the  further  development 
of  the  quaternary  salts  of  hexamethylenetetramine,  the  behavior  of 
these  substances  in  the  animal  organism  should  be  studied  in  order  to 
determine  whether  the  bacteriddogenic  group  in  itself  is  suffidently 
resistant  towards  metabolic  changes.  Otherwise  these  compounds  as  a 
class  would  be  bacteriddally  inert  in  vivo. 


THE  BACTERICIDAL  PROPERTIES  OF  THE  QUATERNARY 
SALTS  OF  HEXAMETHYLENETETRAMINE. 

n.  The   Relation   between   Constitution   and   Bactericidal 
Action  in  the  Substituted  BENZYuaEXAMEiHYL- 

ENETETRAMINIUM  SALTS. 

By  WALTER  A.  JACOBS,  Ph.D.,  MICHAEL  HEIDELBERGER,  Ph.D.,  and 

HAROLD  L.  AMOSS,  M.D. 

{From  the  Laboratories  of  The  Rockefeller  Institute  for  Medical  Research.) 
« 

(Received  for  publication,  Maich  1,  1916.) 

Hexamethylenetetramine,  as  a  tertiary  nitrogen  compound,  reacts 
readily  with  benzyl  chloride,  bromide,  or  iodide,  and  their  numerous 
nucleus  substituted  derivatives  to  form  quaternary  salts.  The  re- 
sults obtained  in  the  study  of  the  bactericidal  properties  of  such  sub- 
stances are  the  subject  of  the  present  communication.  In  these  com- 
poimds,  the  structure  of  which  may  be  represented  as  follows, 


(CJImN«) 


\y 


it  is  seen  that  by  means  of  a  CHs  side-chain  the  hexamethylenetetra- 
mine  molecule  is  linked  to  a  benzene  nucleus.  By  the  use  of  a  great 
variety  of  substituted  benzyl  halides  it  was  found  possible  to  prepare 
for  study  a  variety  of  hexamethylenetetraminium  salts^  in  which  the 
benzene  nucleus  was  varied  at  will  in  the  character,  number,  and  posi- 
tion of  the  different  atoms  and  groups  introduced.  By  this  proc^ure 
the  opportimity  was  afforded  of  studying  the  effect  of  chemical  con- 
stitution upon  bactericidal  action  in  a  uniform  series  of  substances. 
Because  the  number  of  substances  involved  in  the  investigations 

'  For  the  chemistry  of  these  substances  and  the  references  to  those  prepared 
by  others  see  Jacobs,  W.  A.,  and  Heidelberger,  M.,  Jour.  Biol.  Chem.,  1915,  xx, 
659;  1915,  xzi,  465. 
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described  in  these  papers  was  so  large,  it  was  found  necessary  for  the 
practical  execution  of  the  bactericidal  tests  to  adopt  a  scheme  which 
would  involve  the  least  amoiuit  of  work  and  still  furnish  a  satisfac- 
tory measure  of  the  activity  of  the  substances.  For  this  reason  the 
drug  dilutions,  which  as  a  rule  started  with  1 :  200,  were  doubled  in 
each  successive  dilution  so  that  the  series  1:200,  1:400,  1:800, 
1: 1,600,  etc.,  were  the  concentrations  with  which  the  observations 
were  made.  With  this  scheme  it  is  seen  that  as  the  dilutions  increase 
the  differences  between  them  become  greater,  making  it  possible  to 
regard  the  figures  obtained  only  as  rough  approximations  to  the  true 
values.  In  the  strictest  sense  accoimt  should  be  taken  of  the 
molecular  weights  of  the  substances  in  a  direct  comparison  of  their 
bactericidal  properties,  but  with  the  dilution  scheme  here  employed 
this  was  deemed  unnecessary. 

In  spite  of  the  crudity  of  our  figures  it  will  be  seen  that  certain  re- 
lationships between  the  constitution  and  the  bactericidal  action  are 
plainly  in  evidence.  The  results  given  below  clearly  demonstrate  that 
by  the  addition  of  hexamethylenetetramine  to  benzyl  chloride  a  bac- 
tericidal substance  is  obtained,  and  that  by  the  substitution  in  the  ben- 
zene nucleus  of  different  atoms  and  groups  this  action  may  be  altered 
at  will,  the  resulting  effect  depending  upon  the  niunber,  character, 
and  position  of  these  substituents.  In  this  class  of  compounds  we 
possess  a  new  group  of  bactericidal  substances  in  which  the  hexa- 
methylenetetramine nucleus  is  directly  responsible  for  their  bac- 
tericidal character. 

EXPERIMENTAL  PART.* 

Technique, — ^A  strain  of  BaciUus  typhosus  which  had  been  growing 
on  artificial  media  for  several  years  and  which  is  a  good  agglutinator 
was  used  in  testing  the  germicidal  effects  of  the  compoimds. 

0.5  or  1  per  cent  solutions  of  the  substance  to  be  tested  were  made 
up  in  physiological  salt  solution  and  filtered  immediately  through  a 
Berkefeld  N  filter.  With  sterile  salt  solution  the  dilutions  of  1 :  200, 
1 :  400, 1 :  800, 1 : 1,600, 1 : 3,200, 1 : 6,400,  and  1 :  12,800  were  made  and 

*  Some  of  the  tests  with  B,  typhosus  were  performed  by  Dr.  Paul  F.  Clark, 
now  of  the  University  of  Wisconsin,  to  whom  we  are  greatly  indebted  for  fur- 
nishing us  with  the  results  of  his  experiments. 
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all  brought  to  a  temperature  of  37^C.  To  4  cc.  of  each  dilution,  there 
was  added  0.5  cc.  of  a  24  hour  broth  culture  of  BaciUus  typhosus, 
and  the  tubes  were  put  into  an  incubator  or  water  bath  at  37^C.  for 
4  hours.  At  the  end  of  this  time,  one  small  loopful  was  taken  from 
each  tube  and  plated  in  plain  agar.  It  was  foimd  necessary  to  incu- 
bate the  plates  for  48  hours  before  counting,  because  some  of  the 
colonies  did  not  grow  out  in  24  hoiurs.  Control  plates  imder  the  same 
conditions  usually  contained  about  1 ,000  colonies.  Duplicates  were 
run  in  each  case. 

Table  I  presents  the  bactericidal  results  obtained  with  the  different 
preparations  tested  upon  BaciUus  typhosus  by  the  technique  de- 
scribed above.  As  stated  in  the  introduction,  the  niunber  of  prepa- 
rations tested  and  the  pressure  of  other  work  rendered  impossible  a 
detailed  study  of  each  substance  employed  in  the  tests,  so  that  the 
figures  here  given  can  be  regarded  only  as  approximations  to  the 
true  bactericidal  powers  of  the  substances  in  question.  In  most 
instances  the  figures  as  given  are,  if  anything,  too  low.  A  considera- 
tion of  the  scheme  of  dilutions  employed  will  show  how  great  the 
imderestimation  of  the  true  bactericidal  power  might  be.  For  ex- 
ample, in  the  case  of  the  {?-nitrobenzylhexamethylenetetraminium 
chloride,  given  in  Table  I,  the  greatest  dilution  in  which  this  substance 
killed  all  the  bacteria  in  4  hours  was  1:3,200.  The  next  higher 
dilution  tried  was  1 : 6,400  and  this  was  foimd  ineffective.  But  if  this 
compound  could  really  kill  in  a  dilution  of  1 : 5,000  or  even  1 :  6,000, 
the  value  obtained  as  a  result  of  the  scheme  of  dilution  used  would 
be  only  1 : 3,200.  For  this  reason  we  must  regard  the  values  given 
only  as  relative.  In  spite  of  this,  the  alteration  in  character  or  posi- 
tion of  the  substituents  in  the  nucleus  was  accompanied  by  changes 
in  the  bactericidal  action  which  were  too  marked  to  be  masked  by 
the  dilution  scheme  employed. 

The  tests  with  hexamethylenetetramine  itself  and  the  simple 
aliphatic  quaternary  salt  methylhexamethylenetetraminium  iodide 
showed  them  to  be  devoid  of  action  in  a  dilution  of  1 :  200.  By  the 
substitution  in  the  latter  compoimd  of  the  methyl  by  the  benzyl 
group  the  customary  influence  of  the  aromatic  nucleus  was  observed. 
Although  not  a  strong  bactericide,  the  benzyl  salt  was  foimd  to  kill 
all  the  bacteria  present  in  a  dilution  of  1 :  200.    This  bactericidal 
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TABLE  I. 


Sttb«t«ace. 


Killed 

B.typk»mt 

fa4fan.at 

37"C.lBa 

diltttloaof  1: 


Hexamethylenetetramine 

Methylhexamethylenetetraminium  iodide 

Benzylhexamethylenetetraminium  chloride 

tf-methylbenzylhexamethylenetetraminium  chloride 



3,  5-dimethylbenzylhexamethylenetetraminium  chloride 

9<hlorobensylhexainethylenetetraminiiim  "      



^bromobenzylhexamethylenetetraminium  "       

^  "  "       

o-iodobensylhexamethylenetetnuninium  bromide 

p.  "  "      

0<yanobenzylhexamethylenetetmninium  chloride 

p,  «  "     

0-nitrobeniylhexamethylenetetramiiiium  ''     

AN* 

p,  "  "        

2,  4"dinitrobeniylhexamethylenetetraininium  "     

o-methoxybenzylhezamethylenetetraminium    **     

p^  «  "     

2, 3«dimethoxybensylhezamethylenetetniniiiium  chloride 

3,4-  "  "      

3,  4>methylenedioxybenxylhezainethyleiietetraminium  chloride 

5-idtio-2-methoxybenxylhexameth9rlenetetiaininium         **      

3.mtio4.  "  "      

2-nitio<3,  4-dimethozybenzylhezmmethyleiietetnininium  **      

2-acetoxy-3,  S^ibnunobeiuylhezamethylenetetiaimiiium  bromide 

4-«*toxy-3. 5-  **  "      

2«acetoxy-3,  5-dimethyl-4,  <^i>>t«wMA««3yW>«Mw<>thylgfni>»#tTMniiiifim 

bromide 

2<«cetoxy-3,  S-dimethylbenzylhezmmethylenetetraminium  chloride 

3-carboxy-4-oxybenjylhexamethylenetetriminiiim  **     

J-carbomethoxy'4-oxybeniylhcxamethylenetetiaminiiim  '*     

2-roethoxy-5-CMboxybcniylheiMnethyleaetetraminium  ''     

2<methoxy<5<aibomethosybeniylhexmmethyleiietetnmimum  ^     

»-acetaminobeniylhcxmmcth^enetetimm?nium  dikxide 

p.  «<  «<     

X,  ^' V V^*"*^*^**"*^^ hyUfiM^frminiwmm  dkhloride 

1.3-  "  "       

Mesitylyieiicdihexamethyleiietetnmiikium         **       

*  +  indicates  growth  after  exposure  to  a  dflution  of  1: 20CX 


+ 

200 

3,200 

800 

800 

400 

1,600 

800 

1,600 

200 

1,600 

1,600 

3,200 

400 

3,200 

400 

1,600 

3,200 

200 

+ 

200 

200 

400 

800 

3,200 

1,600 

1,600 

1,600 

+ 
1,600 
400 
400 
400 
800 

+ 

12,800 

6,400 

12^800 
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power  was  further  developed  by  the  introduction  into  the  nucleus  of 
various  atoms  and  groups,  resulting  in  the  series  of  substances  given 
in  Table  I.    A  study  of  these  brings  out  the  following  relationships. 

The  methyl,  chlorine,  bromine,  iodine,  cyano,  and  nitro  groups 
were  all  foxmd  to  increase  the  bactericidal  power  of  the  parent  imsub- 
stituted  beniyl  compound.  This  behavior  of  the  alkyl,  halogen,  and 
nitro  group  has  been  frequently  observed  with  other  types  of  organic 
bactericides;  for  instance,  in  the  case  of  the  phenols.  However,  this 
effect  may  by  no  means  be  regarded  as  inevitable,  as  there  are  many 
bactericidal  substances  the  power  of  which  is  in  no  way  influenced 
by  the  introduction  of  these  groups.  Examples  of  this  will  be  found 
among  other  tj^pes  of  hexamethylenetetraminium  salts  to  be  described 
in  the  following  paper. 

A  perusal  of  the  table  will  show  the  interesting  influence  of  the  posi- 
tion of  the  substituent  upon  the  bactericidal  action .  In  most  cases  the 
artho  substituents  were  foimd  to  be  more  active  than  either  the  meta 
or  para  compounds.  The  regularity  of  this  rule,  at  least  as  far  as  the 
present  series  was  extended,  is  striking.  The  ariho  methyl,  chloro, 
bromo,  nitro,  and  cyanobenzyl  salts  were  all  more  active  than  their 
other  position-isomers. 

With  this  type  of  hexamethylenetetraminium  salt  the  methoxy 
group  is,  on  the  whole,  without  influence  on  the  bactericidal  effect,  if 
indeed  not  detrimental.  In  those  compounds  which  contain  the  nitro 
group  besides  the  methoxy  group  the  influence  of  the  former  appears 
to  dominate.  The  2-nitro-3,4-dimethoxyben2yl  derivative  was  found 
to  equal  in  effectiveness  the  2-nitrobenzylhexamethylenetetraminium 
chloride.  In  the  same  way  the  3-nitro-4-methoxy  compotmd  was 
bacteriddally  about  as  powerful  as  the  3-nitrobenzyl  salt. 

The  optimum  effect  in  varying  substituents  was  apparently  ob- 
tained with  the  mono-  substituted  benzyl  compounds.  In  the  few 
cases  in  which  the  dimethyl,  dibromo,  and  dinitro  derivatives  were 
made,  it  was  found  that  no  advantage  as  regards  the  bactericidal 
value  was  to  be  gained,  as  a  rule,  by  the  multiplication  of  groups. 
At  the  same  time  the  greater  the  number  of  substituents,  particularly 
in  the  case  of  the  nitro  and  halogen  compounds,  the  less  was  the  solu- 
bility in  water. 

In  one  direction,  however,  at  least  when  Bacillus  typhosus  was  used 
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as  the  test  object,  it  was  found  that  a  distinct  advantage  was  to  be 
gained  by  the  multiplication  of  groups;  namely,  in  those  compounds  in 
which  hexamethylenetetramine  was  introduced  twice  into  the  side- 
chains.  Such  salts  -were  obtafaied  by  the  addition  of  two  molecules 
of  hexamethylenetetramine  to  fi0i,o>rdichloro-^zylene,  »i,<»rdichloro- 
nf-zylene,  and  c»iy»s-dichloiomesitylene.  These  substances  possess 
the  following  structural  formula,  in  which,  of  course,  the  relative 
positions  of  the  side-chains  are  diffa!ent  in  each  case. 

/^CHl(C•H^lN«)a 


\/ 


CHsCCtHuNOa 


These  compoimds  are  the  strongest  bactericides  of  this  group. 

Here  it  should  be  emphasized  that  the  bactericidal  results  obtained 
with  this  group  of  substances  refer  only  to  their  behavior  towards 
BaciUus  typhosus.  As  the  work  developed,  other  species  of  bacteria 
were  made  the  object  of  an  occasional  test,  but  owing  to  the  incom- 
pleteness of  the  results  obtained,  and  to  the  fact  that  the  technique 
was  varied,  it  has  not  been  deemed  advisable  to  enlarge  on  these 
results  in  the  present  paper.  It  may,  however,  be  said  that  in  genera] 
this  class  of  substances  was  considerably  less  effective  against  the 
streptococcus  and  meningococcus,  but  that  the  results  with  the  gono- 
coccus  approached  those  obtained  with  BaciUus  typhosus.  This  par- 
ticular group  of  hexamethylenetetraminium  salts  cannot,  therefore, 
be  regarded  as  general  disinfectants.  As  a  matter  of  fact,  there  are 
but  few,  if  any,  organic  bactericides  which  act  uniformly  against  all 
spedes  or  strains  of  bacteria.  A  few  cases  have  been  selected  in  Table 
n  to  afford  a  comparison  of  the  effects  of  several  of  these  salts  upon 
different  microorganisms.  With  the  streptococcus,  meningococcus, 
and  gonococcus  the  technique  was  altered,  the  time  of  ei^)osure  of  the 
bacteria  to  the  drug  being  changed  to  3  hours  and  the  temperature  to 
2(f.  Such  a  change  in  technique  should,  of  course,  alter  the  results, 
but  our  experience  has  shown  that  this  rarely  exceeded  the  space  of 
one  whole  dilution.  It  is  seen  from  the  table  that  the  nature  of  the 
substance  used  determined  the  effect  upon  a  particular  microorgan- 
ism. A  constant  relation  between  the  resistances  of  the  various  types 
of  organisms  is  out  of  the  question.    The  far  greater  effectiveness 
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of  the  two  dihexamethylenetetramiiiiuin  salts  against  Bacillus  typhosus 
is  striking.  These  substances  may  be  classed  as  '^  partially  specific" 
for  this  species. 

TABLE  n. 


Substanoe> 


Benzylhexamethylenetetraminium 

chloride 

^-methylbenzylhezamethylenetetramin- 

ium  chloride 

l^-b^OInobeIlzylhezamethylenetetIami]l• 

ium  chloride 

a<yanobeiizylhexamethylenetetrammium 

chloride 

^-cyanobenzylhezamethylenetetraminium 

chloride 

^methoxybenzylhezamethylenetetramin- 

ium  chloride 

3,  4-methylenediozybeiizylhexamethyl- 

enetetraminium  chloride 

4^-mtrobeiizylhezamethylenetetramiiiiuin 

chloride 

fn^nltrobeiizylhexamethylenetetrainmium 

chloride 

2-acetozy-3,  5-Klibromobenzylhexamethyl> 

enetetraminium  bromide 

2-acetoxy-3, 5-dimethylbenzylhexamethyl- 

enetetraminium  chloride 

m-zylylenedihexamethylenetetraminium 

dichloride 

Mesitylylenedihezamethylenetetraminium 

dichloride 


Killed 

B.  typhosus 

at  37*C.  in 

4  hn.  in 

dilution  of  1: 

Killed 
•treptoooc- 

cusat20*C. 
in3hn.  in 

dilution  of  1: 

KiHed 

meninfoooc- 

aiiat20*C 

in3hn.  in 

dflutionofl: 

200 

+ 

400 

800 

+ 

1,600 

+ 

+ 

3,200 

400 

400 

400 

+• 

+ 

200 

200 

+ 

1,600 

3,200 

3,200 

800 

400 

1,600 

1,600 

3,200 

800 

H- 

1,600 

800 

6,400 

200 

'  H- 

12,800 

-f 

400 

Killed  0onoooo- 

cos  at  20*C.  in 

3  hn.  in  dilution 

of  1: 


800 


1,600-3,200 
1,600 

800 

800 

800 

800 
1,600 

800 

800 
1,600 

400 


*  +  indicates  growth  after  exposure  to  a  dilution  of  1: 200. 

From  the  consideration  of  the  above  observations  we  feel  justified  in 
attributing  essentially  to  the  hexamethylenetetraminium  group  the 
property  of  determining  the  bactericidal  character  of  this  class  of  com- 
pounds. For  direct  comparison  with  another  basic  side-chain  ^-nitro- 
benzylpjrridiniimi  chloride  was  prepared.  This  was  foimd  to  be  in- 
eflFective  towards  Bacillus  typhosus  even  in  a  concentration  of  1 :  200 
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after  4  hours'  contact.  The  corresponding  hexamethylenetetramine 
quaternary  salt  killed  Bacillus  typhosus  in  a  dilution  of  1: 1,600  in 
4  hours. 

The  function,  however,  of  determining  the  extent  and  character 
of  this  bactericidal  property  must  be  attributed  to  the  substituting 
groups  and  to  the  positions  occupied  by  them  in  the  benzene  nucleus 
to  which  the  hexamethylenetetramine  is  linked.  Our  experience  has 
shown  that  such  groups  likewise  decide  other  biological  properties  of 
this  class  of  substances.  Without  stopping  here  to  deal  at  length  with 
the  toxicity  experiments  it  may  be  said  that  in  general  the  toxicity 
of  these  compoimds  is  determined  by  such  groups.  For  example, 
whereas  the  ^-nitro  benzyl  derivative  could  be  given  to  mice  intra- 
venously in  amoimts  up  to  500  mg.  per  kilo,  the  2,3-dimethoxybenzyl 
derivative  was  found  to  be  fatal  in  0.1  of  this  dose. 

SUIOCARY. 

By  the  addition  of  substituted  benzyl  halides  to  hexamethylene- 
tetramine, a  series  of  quaternary  salts  of  this  base  was  obtained. 
These  salts  represent  a  new  group  of  organic  bactericides.  The 
results  obtained  in  the  tests  with  these  substances  upon  Bacillus 
typhosus  have  demonstrated  the  existence  of  direct  relationships 
between  chemical  constitution  and  bactericidal  action  within  the  series. 

The  bactericidal  character  is  directly  attributable  to  the  presence 
of  the  hexamethylenetetramine  nucleus.  The  degree  of  the  bacteri- 
cidal action,  however,  is  determined  by  the  position,  character,  and 
number  of  the  groups  substituted  in  the  benzene  nucleus. 

By  the  introduction  of  the  methyl,  chlorine,  bromine,  iodine,  cyano, 
and  nitro  groups  into  the  benzene  nucleus  of  the  parent  benzyl 
hexamethylenetetraminium  salt,  the  bactericidal  power  of  this  com- 
pound was  notably  enhanced.  The  substitution  of  these  groups  in  the 
ortho  position  ahnost  invariably  resulted  in  substances  which  were 
more  active  than  their  meta  or  para  isomers.  The  introduction  of  the 
methoxy  group  was  without  marked  efifect. 

Several  substances  in  which  two  hexamethylenetetraminium  side- 
chains  occurred  were  found  to  be  the  most  active  of  the  substances  of 
this  series  when  tested  against  Bacillus  typhosus.  Comparative  tests 
with  other  bacterial  types  demonstrated  that  these  compounds 
possessed  a  marked  degree  of  specificity  for  Bacillus  typhosus. 


THE  BACTERICIDAL  PROPERTIES  OF  THE  QUATERNARY 
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m.  The  Relahon  between  Constitution  and  Bactebicidal 
Action  in  the  Quatesnahy  Salts  Obtained  from 

Halogenacetyl  Compoxtnds. 

By  WALTER  A.  JACOBS,  Ph.D.,  MICHAEL  HEIDELBERGER,  Ph.D.,  AND 

CARROLL  G.  BULL,  M.D. 

(From  ike  Laboratories  of  The  Rockefdler  Instiluie  for  Medical  Research,) 

(Received  for  publication,  March  1,  1916.) 

In  the  course  of  the  biological  investigations  of  the  substituted 
benzyl  quaternary  salts  of  hexamethylenetetramine  discussed  in  the 
previous  paper,  it  was  found  that  the  further  extension  of  this  chemi- 
cal type  was  no  longer  advisable,  in  spite  of  the  fact  that  within  this 
group  substances  had  been  found  which  possessed  considerable  bac- 
tericidal power  against  Bacillus  typhosus.  This  was  due  partly  to  the 
inaccessibility  or  insolubility  of  the  further  preparations  of  this  type 
which  seemed  theoretically  indicated.  Our  attention  was  in  conse- 
quence turned  to  the  problem  of  finding  a  new  scheme  of  chemical 
procedure  which  woidd  furnish  the  possibility  of  new  leads  and  of 
broader  development.  This  was  found  in  the  readiness  with  which 
hexamethylenetetramine  as  a  tertiary  base  reacted  with  halogen- 
acetyl derivatives  to  form  soluble  quaternary  salts  with  the  following 
general  structure, 

R  •  DC  •  CHiv 

y  (CHuNJ 

in  which  R  might  represent  the  radical  of  any  aliphatic  or  aromatic 
primary  or  secondary  amine  R'NH,  R'2N,  R'R'N,  or  of  any  alcohol 
or  hydrocarbon.  Because  of  the  general  nature  of  this  reaction  and 
the  practically  limitless  number  of  chemical  possibilities  offered,  it 
was  found  possible  to  furnish  the  most  varied  chemical  groupings 
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with  the  hexamethylenetetramine  molecule  by  the  use  of  the  halogen- 
acetyl  side-chain.^ 

Without  anticipating  the  detailed  discussion  of  the  observations  to 
be  found  in  the  experimental  part,  the  following  remarks  may  be 
taken  to  simi  up  the  principal  results  of  the  work  presented  in  this 
communication . 

As.  a  re$ult  of  experiments  on  a  large  number  of  drugs  of  this  type^ 
the  general  statement  may  be  made  that  hexamethylenetetramine, 
when  combined  with  halogenacetyl  compounds  in  the  form  of  qua- 
ternary salts,  gives  rise  to  a  new  group  of  organic  bactericides.  Hexa- 
methylenetetramine may,  therefore,  be  described  as  a  definite  bac- 
teriddogenic  group.  The  extent  of  the  bactericidal  power  of  these 
substances  is,  in  a  measure,  controlled  by  the  general  character  of 
the  molecule  or  of  the  particular  groups  contained  therein.  In  ad- 
dition, the  employment  of  several  species  of  microorganisms  has 
served  the  purpose  of  bringing  out  many  examples  of  partial  speci- 
ficity, at  least  one  substance  with  a  high  degree  of  specificity  being 
found  for  each  of  the  four  species  of  bacteria  used. 

The  fact  that  this  specificity  shifted  from  one  group  of  bacteria  to 
another  with  the  change  in  the  chemical  composition  of  the  radical 
added  to  the  hexamethylenetetramine,  demonstrated  that,  in  con- 
tradistinction to  the  bacteriddogenic  character,  the  spedfidty  rela- 
tions were  determined,  not  by  the  hexamethylenetetramine  nucleus, 
but  by  the  added  radicals. 

From  the  facts  set  forth  above  it  will  be  seen  that  the  program  pre- 
sented in  the  introductory  paper  has  been  partially  fulfilled.  Thus 
it  was  found  possible,  by  starting  with  the  molecular  grouping  fur- 
nished by  hexamethylenetetramine,  to  add  the  most  varied  atomic 
groupings  with  the  aid  of  the  -  CHsCO  -  group,  which  served  merely 
as  a  connecting  link.  The  chemical  di£Ferences  in  these  added  groups 
caused  the  wide  variations  observed  in  the  bacteriological  results. 

In  these  observations,  which  must  be  regarded  only  as  a  begin- 
ning, we  thus  see  that  once  in  the  possession  of  a  biologically  active 
or  potentially  active  molecular  group,  it  is  possible,  without  produc- 

^  For  the  chemistiy  of  these  substances  and  the  reference  to  those  prepared  by 
others  see  Jacobs,  W.  A.,  and  Heidelbeiger,  M.,  Jour.  Bid.  Chem.,  1915,  xx,  68S; 
1915,  xxi,  103, 145, 403, 439, 455, 465. 
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ing  profound  chemical  changes  in  the  molecule  itself,  to  equip  it  with 
a  reactive  side-chain  which  in  turn  will  react  with  other  molecular 
groups  and  which  will  furnish  the  necessary  biological  properties. 

In  the  present  paper  we  wish  to  present  the  results  of  the  bacteri- 
cidal tests  performed  with  these  preparations  upon  Bacillus  typhosus^ 
streptococcus,  meningococcus,  and  gonococcus.  Here,  as  in  the  pre- 
vious commmucation,  the  large  number  of  tests  which  were  made 
necessitated  the  early  adoption  of  a  rough  scheme  of  drug  dilutions. 
For  this  reason  what  was  said  in  the  former  paper  regarding  the  ac- 
curacy of  the  residts  must  be  reiterated  here.  At  best  the  figiures 
given  may  be  considered  as  rough  approximations.  In  spite  of  this, 
however,  in  many  instances  pronounced  evidence  of  the  influence 
of  constitution  on  bactericidal  action  appeared. 

EXPERIMENTAL  PART.^ 

Technique. — In  testing  the  germicidal  efficiency  of  the  compoimds 
to  be  described  below,  0.5  or  1  per  cent  solutions  of  each  substance, 
according  to  the  solubility,  were  made  in  distilled  water  and  filtered 
through  a  Berkefeld  N  filter.  The  other  dilutions  were  prepared  from 
this  stock  solution  by  the  use  of  sterile  distilled  water  as  a  diluent. 

The  series  1:200,  1:400,  1:800,  1:1,600,  1:n3,200,  1:6,400,  and 
1 :  12,800  was  employed  for  the  tests.  In  some  cases  the  sparing  sol- 
ubility of  the  substance  necessitated  the  omission  of  the  lower  dilu- 
tions. 

5  cc.  of  each  dilution  were  placed  in  wide  mouthed  tubes  and  the 
temperature  was  brought  to  20°C.  To  each  of  these  tubes  the  bac- 
terial suspensions  were  added. 

In  the  case  of  the  Bacillus  typhosus  0.1  cc.  of  a  24  hour  broth  cul- 
ture was  added  to  each  of  the  tubes  containing  the  dilutions  of  the 
compoimd.  After  3  hours  a  standard  4  mm.  loop  of  the  mixtiure  was 
plated  in  order  to  determine  the  nimiber  of  living  organisms.  The 
plates  were  incubated  for  48  hours  before  counting.  Another  loopful 
from  the  same  tube  was  taken  at  practically  the  same  time  and  inocu- 
lated into  tubes  containing  10  cc.  of  plain  broth  and  the  tubes  were 

*  We  are  greatly  indebted  to  Dr.  Martha  Wollstein  and  to  Dr.  Louise  Pearce 
who  conducted  the  tests  with  the  meningococcus  and  gonococcus,  respectivelyi 
Their  familiarity  with  the  cultural  conditions  of  the  two  microorganisms  was  of 
special  value  and  service. 
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incubated  for  48  boon.  It  was  found  that  at  a  certain  dihitioii,  us- 
ing the  jdating  method,  there  was  a  very  abnqyt  falling  off  in  the 
number  of  oolooks  in  the  jdates.  This  point  was  always  maAed  in 
the  broth  tabes  by  dear-cot  differences  in  appearance  of  the  incobated 
tabes.  The  OTgamsms  in  the  lower  dihition  prodoced  marfced  tur- 
bidity and  in  the  next  hi^^  dihition  remained  absohitdy  dear.  It 
was  appsnent  that  from  50  to  80  oirgaDisms  were  necessary  to  inoculate 
a  10  cc.  broth  tube,  so  that  anything  below  this  numbo'  would  not 
show  in  this  culture  media.  On  the  other  hand,  eadi  organism  in  the 
plates  produced  a  cokmy.  Having  found  at  the  beginning  of  the 
woik  that  this  pmnt  of  abrupt  decrease  in  the  number  of  colonies, 
using  the  plate  method,  came  always  at  the  same  dilution  indicated 
by  no  growth  in  the  tubes,  the  plate  method  was  no  longer  used  on 
account  of  the  large  number  of  drugs  tested. 

In  the  strq>tococcus  tests  one  or  two  drops  of  a  24  hour  bouillon 
culture  of  an  ordinary  hemolytic  strain  of  streptococcus  were  added 
to  each  dilution  tube.  After  3  hours  at  2XfC.  a  loopful  was  taken 
from  the  bottom  of  each  tube  and  plated  in  plain  agar  or  blood  agar. 
A  bacterial  control  was  run  in  distilled  water  and  plated  immediatdy 
after  mixing  and  also  at  the  end  of  the  incubation  period.  By  sudi 
a  control  it  was  possible  to  estimate  the  percentage  of  killing  when 
complete  killing  did  not  occur.  The  plates  were  incubated  at  37^C. 
for  18  hours  and  the  results  recorded. 

In  the  case  of  the  meningococcus  the  tests  were  made  by  Dr.  WoU- 
stein.  Average  24  hour  growths  of  the  microorganism  on  sheep 
serum  agar  were  washed  off  with  2  cc.  of  sterile  distilled  water.  0.5 
cc.  of  this  well  mixed  suspension  was  added  to  each  tube  containing 
the  compoimd  dilution.  This  was  allowed  to  stand  for  3  hours  at 
20°C.  Then  0.2  cc.  of  eadi  tube  was  planted  on  sheep  serum  agar 
slants.  These  were  incubated  for  48  hours  and  the  readings  taken. 
Controls  accompanied  each  experiment. 

For  the  gonococcus  tests  conducted  by  Dr.  Pearce  an  adult  strain 
of  the  organism  was  employed.  24  hour  growths  on  asdtic  veal  agar 
were  washed  off  with  3  to  5  cc.  of  normal  salt  solution.  The  exact 
amoimt  of  salt  solution  depended  upon  the  profusehess  of  the  growth. 
The  object  was  to  obtain  a  deddedly  doudy  but  not  milky  suspen- 
sion of  the  bacteria.  0.5  cc.  of  this  suspension  was  then  added  to  the 
tubes  containing  the  substance  dilutions  and  allowed  to  stand  at 
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20^C.  for  3  hours.    0.2  cc.  was  then  pipetted  from  the  bottom  of  the 
tubes  and  planted  on  an  ascitic  veal  agar  slant  and  incubated  for  48 
hours.    The  readings  were  then  taken.    Controls  were  run  in  each 
experiment. 
In  all  the  above  experiments  the  tests  were  run  in  duplicate. 


TABLE  L 
3  Hours  ai  2Xf  C. 


B.  typhosus 

kffledm 
dOntbnof  1: 

Streptoooccttg 

kiUfidin 
dUntionof  1: 

killed  in 
dilution  of  1: 

quatcraaxy  tdt  of 

killed  in 
dflutk>nof  1: 

Chloroacetamide 

1,600 
1,600 

800 
1,600 
1,600 

200 

800-1,600 

800 

800-1,600 

1,600 

1,600 

800 

+ 

800 
3,200 
3,200 

800 
1,600 

800 

800-1,600 

Chloroacetmethylamide 

Chloroacetethylamide 

1,600 
6,400 
1,600 
1,600 

Chloroacetdimethylamide 

Chloroacetdiethylamide 

ChloroacetDiDcridide 

3*iodopropionaimde 

800 

*+  indicates  growth  after  exposure  to  a  dilution  of  1:200. 

The  results  obtained  with  the  hexamethylenetetramine  quaternary 
salts  prepared  from  chloroacetamide  and  the  chloroacetyl  derivatives 
of  the  simpler  aliphatic  amines  will  be  found  in  Table  I.  With  but 
few  exceptions  these  substances  were  found  to  kill  the  organisms  used 
for  the  test  in  dilutions  of  at  least  1 : 1,600  in  3  hours  at  20^C.  On  the 
whole,  but  little  variation  in  action,  at  least  of  a  magnitude  which 
could  be  detected  by  the  dilution  scheme  employed,  was  obtained  by 
the  addition  of  alkyl  radicals  to  the  amide  nitrogen  in  the  chloroace- 
tamide salt.  The  exceptions  presented  by  the  behavior  of  the  methyl- 
and  ethylamide  derivatives  toward  the  meningococcus  are  worthy 
of  note.  With  these  substances  the  action  was  observed  to  be  about 
four  times  as  great  as  that  of  the  unsubstituted  chloroacetamide  salt 
'  or  its  dimethyl  derivative.  The  unusual  activity  of  the  compound 
obtained  from  chloroacetylethylamine  against  gonococcus  is  also 
noteworthy. 

When  it  is  considered  that  substances  of  purely  aliphatic  nature 
are  represented  in  this  series,  the  bactericidal  power  observed  is  quite 
imusual.  Formaldehyde,  which  is  considered  one  of  the  most  pow- 
erful of  the  aUphatic  bactericides,  when  tested  by  the  same  tech- 
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nique  was  found  to  kiU  Bacillus  typhosus  in  a  maximum  dilution  of 
1 : 1 ,200.  In  addition,  the  molecular  weights  of  these  substances  are 
approximately  ten  times  that  of  formaldehyde,  so  that  if  the  com- 
parison were  strictly  drawn  the  observed  figures  should  be  multi- 
plied by  ten.  On  this  basis  they  far  exceed  formaldehyde  in  molecu- 
lar bactericidal  power.  The  activity  of  the  substances  of  this  group 
as  bactericides  is  attributable  entirely  to  the  presence  in  them  of  the 
hexamethylenetetramine  molecule.' 

The  comparative  results  obtained  against  Bacillus  typhosus  by  the 
same  technique  with  other  aromatic  substances  which  have  been  re- 
garded in  the  past  as  strong  organic  antiseptics  are  given  in  Table 
II.  Unfortunately  the  tests  were  restricted  to  BaciUus  typhosus. 
Among  the  substances  given  in  Table  I  and  in  those  to  follow,  many 
will  be  found  which  are  as  active  or  more  active  than  any  given  in 
this  table. 

TABLE  n. 
3  Hours  at  Zff"  C. 


Substance. 


Fonnaldehyde. 
Phenol 


Lysol 

Trichlorophenol 

Tribromo-^resol. . . 
Tetrabromo-^-cresol. 
Tribromo-m-xylenol. 
Gentian  violet 


*+  indicates  growth  after  exposure  to  a  dilution  of  1:200. 


B.  tvpkosus 

kiUediB 
dflutwnof  1: 


1,200 

+♦ 
400 
800 
1,600 
1,600 
1,600 
3.200 


In  an  attempt  to  determine  what  influence  might  result  from  the 
substitution  of  the  halogenacetic  acid  radical  by  that  of  other  halo- ' 
gen  fatty  acids,  it  was  found  that  the  higher  a-halogen  fatty  add 

'  There  is  evidence  that  the  hexamethylenetetramine  molecule  does  not  always 
persist  as  such  when  its  quaternary  salts  are  dissolved  in  water,  but  undergoes  a 
decomposition  which  yields  methylene  derivatives  of  the  corresponding  amines. 
The  relation  of  these  substances  to  the  observed  effects  we  shall  make  the  subject 
of  a  subsequent  communication. 
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derivatives  failed  to  react  with  hexamethylenetetramine.  The  de- 
rivatives of  /^-iodopropionic  add,  however,  were  foxind  to  react 
smoothly  with  the  base  to  give  quaternary  salts.  The  ineffective- 
ness of  the  salt  obtained  from  /3-iodopropionamide  in  particular 
served  to  indicate  the  scant  promise  offered  by  the  further  employ- 
ment of  this  acid  and  that  the  best  results  would  be  obtained  by  the 
continued  use  of  the  halogenacetyl  group. 

In  the  logical  development  of  the  above  substances  of  purely  ali- 
phatic origin ,  the  effect  of  the  introduction  of  the  aromatic  nucleus 
into  the  alkyl  group  situated  on  the  amide  nitrogen  was  studied.  The 
opportimity  for  this  was  furnished  by  the  quaternary  salts  obtained 
from  the  chloroacetylbenzylamines  possessing  the  following  struc- 
tural formula: 

fNcHjNH .  OC .  H,Cv 

It  was,  thought  that  here  the  usual  antiseptic  influence  of  the  aro- 
matic nucleus  would  appear,  but,  as  will  be  seen  from  the  results  pre- 
sented in  Table  III,  this  did  not  conform  to  the  expectations.  In  in- 
terpreting the  results,  however,  the  greater  molecular  weights  of  these 
substances  should  not  be  neglected.  Nevertheless,  in  those  cases  in 
which  the  observations  fell  below  1 :  800  the  chemical  structure  alone 
must  be  held  responsible.  Owing  to  the  irregular  character  of  the 
fluctuations  observed  it  is  difficult  to  deduce  from  this  table  any 
general  relationships  between  the  chemical  constitution  and  the  bac- 
tericidal power.  In  the  case  of  the  streptococcus  and  gonococcus, 
however,  the  introduction  of  the  methyl  group  seemed  to  enhance  the 
activity.  The  methoxy  derivatives  also  appeared  to  be  more  effect- 
ive than  the  corresponding  acetoxy  compounds.  It  is  possible  that 
a  series  of  salts  prepared  from  the  mono-  substituted  benzylamines 
would  have  afforded  a  less  confusing  and  more  comparable  group  of 
substances  for  study.  The  difficulty  of  procuring  such  material  and 
the  pressure  of  other  work  were  obstacles  to  the  further  extension  of 
this  chemical  type. 

On  turning  to  the  more  easily  accessible  chloroacetylanilines,  a 
series  of  substances  was  obtained  which  afforded  ample  opportunity 
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m 


J  H^an  mi  or  a 


i«f  1: 


mKT 

+t 

aor 

IJBBKT 


s;m 


IJBOO 
1,000 
l^lflOO 


3;noA40O 


1,600 


800-1/90 


lj600 


«XMv60O 
l,tiOO 
2,200 
40O 


w-cufaamidochlonMoetyflicn- 


1,010 
40O 

3,200 


.1,600 


1,< 


DidkyluiUDOctliyl  ester  of 


200 


800 


in  these  cases  were  made  at  37*  C 
t+  hirticates  growth  after  cipoMire  to  a  dflatioD  of  1:200. 

for  ascertaimng  the  influence  <tf  the  introduction  of  gioiqis  into  the 
benzene  nucleus.  These  substances  possessed  the  fcdiowing  stmctural 
fcxmula,  in  which  any  gmop  X  may  occur  in  the  oriho^  meia^  or  para 
positions: 

Table  IV  shows  that  the  linkage  of  heiamethyienetetraniine  by 
means  of  the  chloioacetyl  radical  with  the  siiiq>ler  aromatic  amines 
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TABLE  IV. 
3  Hours  at  20^  C. 


Henunethylenetetramine 
quaternaiy  talt  of 


Chloroacetylaniline 

Chloroacetyl-o-toluidine 

Chloxoocetyl-A-       "       

Chlon>acetyl-i»-4-zylidme 

Chloroacetyl-^-cumidine 

Chloroacetyl-a-naphthylamine 

ChloroacctyW-  "  

6-chloroacetylammoquinolme 

Chloroacetyl-(?-cliloroanilme 

Chloroacetyl-^bromoaniline 

Chloroacetyl-5-ioda^toluidine 

Chloroacetyl-m-nitraniline 

Chloroacetyl-nf-nitro-^toluidine 

<M:hloroacetylainmophenol 

Chloroacetyl-o-anisidine 

Chloroacetyl-A-      "       

^iodopropionyl-o-  **       

Chloroacetylmethylaniline 

Chloroacetyldiphenylamine 

^-chloroacetylaminobenzoic  ethyl  ester 

Chloroacetylnovocaine 

<M:hloroacetylaminobenzyl  alcohol 

o-  "  benzoate . . . 

o-chloroacetylaminophenyl       " 

^nitro- 


0- 


<f 


benzoate 

iif-chloroacetylaminoacetophenone 


B.  typhosus 

killed  in 
dilution  of  1 : 


800 

1,600* 

800 

800 

800 

800 

1,<500* 

3,200 

1,600 

1,600 

1,600 

3,200 

800 

1,600 

800 

3,200 

+t 

400 
1,600 

800 
800 
200 

800 


Strcptooocctts 

kffledin 
dilution  of  1: 

Meningo- 
coccus 
killed  in 
dilution  of  1: 

1,600 

1,600 

1,600 

1,600 

800 

1,600 

1,600 

1,600 

1,600 

3,200 

800 

800 

800 

6,400 

3,200 

1,600 

1,600 

800 

1,600 

1,600 

800 

1,600 

3,200 

3,200 

800 

800 

3,200 

1,600 

200 

400 

1,600 

800 

200 

1,600 

3,200 

1,600 

1,600 

800-1,600 

800 

3,200 

1,600 

1,600 

800 

1,600-3,200 

1,600 

1,600-3,200 

800 

Gonoooccns 

killed  in 
dilution  of  1: 


3,200 
1,600 
3,200 
3,200 
3,200 
1,600-3,200 
6,400 
1,600 
3,200 
3,200 
3,200 
3,200 

3,200-6,400 
1,600 

400 

1,600 

1,600 

3,200 

3,200-6,400 

800 

3,200 

1,600 
1,600 


*  Tests  were  made  at  37®  C. 

t+  indicates  growth  after  exposure  to  a  dilution  of  1:200. 


produced  a  group  of  substances  possessing  definite  bactericidal  prop- 
erties. Contrary  to  the  results  obtained  with  the  substituted  ben- 
zyl compounds  described  in  the  previous  communication,  it  was  found 
that  alterations  in  the  benzene  nucleus  by  the  usual  substituents  did 
not  result  in  sharp  differences  in  the  bactericidal  effect,  at  least  of  a 
magnitude  which  could  be  revealed  by  the  scheme  of  dilutions  em- 
ployed.   Many  instances  are  to  be  found,  however,  in  which  the  ac- 
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tivity  of  the  simplest  member,  the  salt  obtained  from  chloroacetyl- 
aniline,  has  been  definitely  improved.  Among  these  may  be  men- 
tioned the  substances  obtained  by  the  introduction  of  the  methyl, 
chlorine,  bromine,  iodine,  and  nitro  groups.  Such  chemical  varia- 
tions, however,  did  not  always  result  in  an  improvement.  In  many 
cases  the  bacteria  were  killed  in  dilutions  of  1 : 3,200  or  even  1 : 6,400. 
On  the  whole,  of  the  microorganisms  employed,  the  gonococcus  was 
the  least  resistant  towards  the  members  of  this  group.  In  the  ab- 
sence of  indications  of  a  more  decided  character  or  of  greater  regu- 
larity there  was  little  assurance  of  obtaining  more  powerful  bacteri- 
cides by  the  further  use  of  these  substituents. 

The  results,  however,  assumed  a  different  character  by  the  adop- 
tion of  a  new  type  of  variation  within  this  group  of  substances. 
This  consisted  in  the  use  of  the  dialkylamino  group  as  a  substituent  in 
the  nucleus  of  the  parent  chloroacetylaniline  quaternary  salt.  These 
substances  were  prepared  by  the  reaction  of  the  chloroacetylamino- 
dialkyl  anilines  with  hexamethylenetetramine  and  possessed  the 
following  structure: 

NHCOCHiv 

)>(C,H„N4) 


a 


IX 


in  which  R  may  be  methyl,  ethyl,  etc.    The  bactericidal  results  are 
given  in  Table  V. 

TABLE  V. 
3  Hours  at  2(f  C, 


Hezunethylenctetmninc 
quAternaiy  nit  of 

B.  typhosus 

kfltedin 
dilution  of  1: 

Str»toooccus 

killed  in 
dilutbnof  1: 

Meningo- 

ooocns 

killed  in 

dilution  of  1: 

Gonoooocot 

kiUedin 
dilation  of  1: 

^-chloroacetylaminodimethylaniline 

^-chloroacetylammodiethylaniline 

+t 

800-1,600 

3,200-^,400 

6,400 

6,400 

1,600 

1,600 
1,600 
3,200 
6,400 
400 

1,600 

3,200 

6,400 

12,800 

400 

^-chloroacetylaminodipropylanilme* 

^^hloniacetylaminobcauylethylaniline*  .. 
fn-chloroacetylaminodimethylaniline 

*  In  these  cases,  owing  to  the  sparing  solubility  in  water,  one  mol.  of  n  HQ 
was  used  to  dissolve  the  substances. 
t+  indicates  growth  after  exposure  to  a  dilution  of  1:200. 
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Our  attention  was  first  called  to  the  desirability  of  developing 
this  series  by  the  apparent  partial  specificity  of  the  dimethyl  com- 
pound for  the  streptococcus  as  compared  with  the  effect  observed 
upon  Bacillus  typhosus.  Later  its  effectiveness  against  the  meningo- 
coccus and  gonococcus  was  found  to  be  equally  marked.  The  later 
members  of  the  group  were  obtained  by  replacing  the  methyl  groups 
by  ethyl,  propyl,  and  benzyl.  In  these  tests  Bacillus  typhosus  was 
imfortiuiately  omitted.  We  are  therefore  in  no  position  to  state 
whether  this  organism  is  more  resistant  to  these  substances  as  a  class. 

The  regularity  of  the  response  to  this  particular  chemical  alteration 
is  strikingly  shown  by  these  results.  A  progressive  improvement  oc- 
curred in  the  bactericidal  action  upon  all  three  species  of  bacteria  upon 
proceeding  from  the  dimethyl  to  the  diethyl,  dipropyl,  and  finally  the 
benzylethyl  derivatives,  and  this  in  spite  of  the  constant  increase  in 
molecular  weight.  If  the  increase  with  each  dilution  had  not  been  so 
great,  it  is  probable  that  all  the  columns  of  the  table  would  have  shown 
the  regularity  of  the  gonococcus  results.  The  striking  feature  of  the 
observations  is  the  magnitude  of  the  effect  produced  by  such  slight 
alterations  in  a  complicated  molecule.  The  inferior  results  obtained 
with  the  meto-dimethylamino  compoimd,  the  last  in  the  table,  would 
indicate  that  the  relative  positions  occupied  by  the  substituents  in 
the  nucleus  are  modif3ang  factors. 

The  efficacy  of  these  groups  was  still  further  demonstrated  by  their 
use  in  another  class  of  substances  obtained  by  the  addition  of  hexa- 
methylenetetramine  to  diloroacetylaminoazobenzene  derivatives,  in 
which  the  base  was  attached  by  the  chloroacetylamino  side-chain  to 
one  nucleus  and  the  dialkylamino  group  to  the  other  as  presented  in 
the  following  formula: 

R 

NHCOCHry 
R  /\  >(C,Hi,N,) 

CV 


In  Table  VI  the  salt  obtained   from   chloroacetylaminoazotol- 
uene,  which  contains  no  dialkylamino  group,  is  first  given  as  an 
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TABLE  VI. 
3  Hours  (U  Zff"  C. 


HexftttethjrlcDctetruiiine 
quaternary  wait  of 


^-chloroacetylaminoazotoluene 

^^hloroacetyUminobeiizeneazo-^'-dimethyl- 

anilinc* ^ 

^-chloroacetylaminobenzeneazo-^'-diethyl- 

aniline 

^-chloroacetylammobenzeiieazo-^-<lipiqpyl- 

aniline* 

^-chloroacetylaminobenzeneazo-^'-benzyl- 

cthylanilinc* 

Benzeneaz<MfM:hloroacety]aminophenolt — 


B.  typhosus 

kiUkin 
dflutionof  1: 


3,200 
800 


Streptococ- 
cus 
kQledm 
dilation  oft: 


3,200 

12,800 

12,800 

12,800 

12,800 
3,200 


A&tfUIUO* 


killed  in 
dilation  of  1; 


3,200 
3,200 
1,600 


800 


1,600 


Gonocoocua 

killed  in 
dilation  of  1: 


1,600 
3,200 


800 


800 


800 


*  In  these  cases  1  mol.  of  N  HCl  was  employed  to  dissolve  the  substance. 

t  Solution  made  by  the  use  of  1  mol.  N  NaOH. 

t+  indicates  growth  after  exposure  to  a  dilution  of  1:200. 

object  for  comparison.^  The  action  of  this  substance  upon  the  dif- 
ferent species  of  bacteria  was  fairly  unifonn.  The  introduction, 
however,  of  the  dimethylamino  group  into  that  position  in  the  mole- 
cule farthest  removed  from  the  location  of  the  hexamethylenetetra- 
mine  nucleus  resulted  in  a  marked  difference.  But  slight  alteration, 
if  any,  was  observed  in  the  meningococcus,  a  slight  improvement 
towards  the  gonococcus,  and  a  considerable  reduction  in  the  action 
upon  Bacillus  typhosus.  With  the  streptococcus,  however,  the  change 
was  profound.  The  action  was  increased  at  least  fourfold.  The 
efficacy  of  this  type  of  chemical  modification  against  the  streptococcus 
was  still  further  confirmed  by  the  replacement  of  the  dimethyl  group 
by  the  diethyl,  dipropyl,  and  benzylethyl  groups.  These  variations 
produced  compounds  which,  in  spite  of  the  increased  molecular  weight, 
exhibited  a  degree  of  action  of  the  same  order.  On  the  other  hand, 
when  tested  against  the  other  organisms  they  were  foimd  to  be  bac- 
tericidally  less  active  than  the  dimethyl  compound.  We  have  here 
an  interesting  instance  of  specificity  for  streptococcus. 


^  The  simpler  chloroacetylaminoazobenzene  derivative  could  not  be  conveniendy 
used  because  of  its  sparing  solubility  in  water. 
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Here  again  the  hexamethylenetetramine  molecule  was  found  to  be 
a  factor  in  bringing  out  this  effect.  This  was  directly  demonstrated 
in  the  following  manner:  ^aminobenzeneazodiethylam'line  may  be 
considered  as  the  third  substance  mentioned  in  the  table  deprived  of 
hexamethylenetetramine  and  the  —  CHsCO—  radical  which  serves 
only  as  a  connecting  link.  This  dye  was  found  to  kill  the  strepto- 
coccus in  a  maximum  dilution  of  1 : 3,200,  an  effect  which,  though 
marked,  is  still  but  one-fourth  of  the  result  obtained  with  its  hexa>- 
methylenetetraminium  salt. 

TABLE  vn. 

3  Hours  at  2(f  C. 


qumtenaiy  lalt  of 

B.  typhosus 

kflledin 
difationof  1: 

Stnptoooccas 

k&edin 
dilution  of  1: 

Meningo- 

ooocus 

kOledia 

dilution  of  1: 

Gonocx>ocus 

killed  m 
dSutbnof  1* 

^^cliloroacetylaixiino-^,^"-tetiamethyl- 

400 

12,800 

12,800 

51,200 
3,200-6,400 

200 

6,400 

1,600 
800 

acetylaminoleukomalachite  green)* 

0-€hloroacetylamino-^^^''-tetraethyIdi- 
aminotriphenylmethane* 

200 
1,600 

^-€hk»oacety]ainino-^,^"-tetraethyIdi- 

aminotriphenylmethiine* 

Chloroacetyltriphenylamine 

1,600 
800 

*  In  these  cases  1  mol.  of  n  HCl  was  employed  to  dissolve  the  substance. 

The  group  of  substances  given  in  Table  VII  headed  by  the  hexa- 
methylenetetramine  quaternary  salt  of  chloroacetyl-^-aminoleuko- 
malachite  green, 

N<^  NH  CO-CHiv 


a 


afforded  the  opportunity  of  still  further  testing  the  value  of  dialkyl- 
amino  compounds  against  the  streptococcus.  This  salt,  as  well  as  its 
homologs,  displayed  a  marked  specificity  for  this  microorganism,  kill- 
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ing  it  in  a  dilution  of  at  least  1 :  12,800,  whereas  the  effect  on  the  other 
forms  was  relatively  weak.  In  the  next  two  compounds  the  methyl 
groups  were  changed  to  ethyl  groups,  and  in  one  case  the  chloroacetyl- 
amino  radical  was  shifted  to  the  artho  position.  .  The  dilution  of 
1 :  12,800  was  usually  the  highest  dilution  employed  for  the  tests  in  the 
routine  procedure,  but  fortunately  the  experiments  performed  with 
the  third  substance  were  carried  further.  This  preparation  was  foimd 
to  kill  the  streptococcus  even  in  a  dilution  of  1: 51,200,  making  it 
probable  that  the  first  and  second  substances  also  would  have  been 
found  to  kill  above  1 :  12,800. 

That  here  also  the  hexamethylenetetramine  molecule  is  an  essen- 
tial factor  was  proven  as  follows.  The  first  substance  given  in  the 
table  when  deprived  of  this  base  and  its  connecting  group  is  nothing 
else  than  ^-aminoleukomalachite  green.  This  substance  required  a 
concentration  of  at  least  1 :  800  to  kill  the  streptococcus  in  3  hours. 
In  other  words,  the  hexamethylenetetraminiimi  salt  derived  from  it 
was  at  least  sixteen  times  more  active. 

In  the  course  of  the  present  work  our  interest  was  centered  for  a 
time  in  the  study  of  the  biological  properties  of  the  hexamethylene- 
tetramine quaternary  salts  obtained  from  the  chloroacetylalcamines. 
Our  attention  was  attracted  first  to  this  group  of  substances  by  the 
powerful  bactericidal  properties  of  the  simplest  representative,  that 
obtained  by  the  addition  of  hexamethylenetetramine  to  chloroacetyl- 
aminomethanol.^ 

HO  -  CHi  •  NH .  CX)  •  CH«v 

y  (CHuNi) 
CK 

This  substance,  which  possesses  the  above  structural  formula,  is  the 
first  given  in  Table  VIII.  It  is  seen  to  possess  a  marked  action 
against  all  the  species  used  with  the  exception  of  the  streptococcus. 
Because  of  the  unusual  effectiveness  of  this  product  it  was  hoped  that 
its  suitable  chemical  variation  might  lead  to  a  series  of  very  active 
substances. 

'  This  substance  was  first  prepared  by  Einhom  and  Gdttler  {Ann,  d.  Ckem.,  1908, 
cccbd,  150),  who  also  recognized  its  antiseptic  properties. 
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TABLE  Vm. 
3  Hours  a$  2(f  C. 


Hexametbylenetetramme 
qufttecnary  salt  of 


B.  typhosiu 

killed  in 
dOutionof  1: 


Chloroacetylaminomethanol 

lodoacetylaminoethanol 

Chloroacetylaminoisopropanol 

5-chloroacetylamino-»-butanol 

^-chloroacetylamino-Y-     "      

y-chloioacetylamin(H9-methyli8-butanol 

a-phenyl-a-ozyiS-cliIoroacetylaminoetliane. . . 
^phenyl-/^xy-<K-chloroacetylaniinopropane. . 

Chloroacetylaminoethyl  ether 

Chloroacetyl-o-methylphenoxyethylamine  . . . 


3,200 


Str^tooQC- 

CUft 

kiUedin 
dilution  of  1: 


400-«00 
400 
200 
400 

aoo 

400 
1,600 

800 
1,600 

800 


Meningo- 

ooocus 

kflled  in 

dilution  of  1: 


6,400 
1,600 


Gonoooccus 

kflled  in 
dilution  oil: 


6,400 
800 


1,600 


The  chetnical  development  of  this  substance  was  attempted  in  two 
ways:  first,  by  the  replacement  of  its  methanol  group  by  the  ethanol, 
propanol,  butanol,  etc.,  radicals;  and  second,  by  the  acylation  of 
the  methanol  hydroxyl  group  with  various  add  radicals.  Inthe 
latter  scheme,  however,  chemical  difficulties  were  encoimtered  which 
compelled  the  use  of  its  homologs,  in  particular  the  ethanol  deriva- 
tive, as  the  basis  for  the  study  of  the  effect  of  acylation. 

Table  Vill  presents  the  behavior  principally  towards  strepto- 
coccus of  the  substances  obtained  by  the  first  method  of  chemical 
variation.  The  results  show  that  the  first  member  of  the  group,  the 
salt  obtained  from  chloroacetylaminomethanol,  is  the  most  powerful, 
so  that  no  bactericidal  increase  was  to  be  gained  by  such  a  chemical 
procedure. 

Quite  a  different  result  was  obtained  by  the  use  of  the  second 
scheme  of  chemical  variation,  as  will  be  seen  in  Table  IX.  Unfortu- 
nately the  inaccessibility  of  the  acylated  methanol  derivatives  made 
impossible  a  direct  comparison  of  the  effect  of  acylation  upon  the 
chloroacetylaminomethanol  salt  itself.  The  results  must  therefore  be 
referred  to  the  parent  unacylated  alcamine  compotmd  in  question  for 
a  strict  comparison.  The  structural  formula  of  this  group  of  sub- 
stances may  be  represented  as  follows,  X  being  any  substituting 
group: 
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/\ 


COOCH,.CH,.NH.CO-CHi\ 

>(CAiN«) 
X  CK 


A  glance  at  the  table  will  show  that  we  have  here  another  group 
of  hexamethylenetetraminium  salts  with  strong  bactericidal  properties 
surpassing  in  this  respect  the  parent  chloroacetylalcamine  compoimd 


TABLE  DC. 
3  Hours  at  2ff*  C. 


HezametbiyleiietetramuM 
qiutteraazy  salt  of 


Chloroacetylaminoethyl  benzoate 

o-methylbenzoate. . . . 

p. 

i9-naphthoate 

0-nitiobeiizoate 

h  

^methozybenzoate. . 

acetylsalicylate 

^-diethylaminoben- 

zeneftzo-^-carbozylate 

Giloroacetylamino-Y-piopyl  ^-nitrobenzoate  . 

"  -y-    *'      ^-methozyben- 

zoate 

Qiloroacetylethylaminoethyl  ^nitrobenzoate 

Ghloroacetylphenylamiiioethyl  p- 


it 


Strqptooocctts 

killed  in 
dilution  of  1: 


800 
1,600 
3,200 

3;soo 

800 
6,400 
3,200 

800 

6,400-12,800 
1,600 

1,600-3,200 
3,200 
800 


Meningoooocos 

kiUed  in 
dilution  of  1: 


400 
3,200 
1,600 
6,400 
3,200 
6,400 


400 


800 


killed  in 
dilution  of  1: 


1,600-3,200 
1,600 
800 
6,400 
1,600 
3;200 


400 


1,600-3,200 
3,200-6,400 


By  the  introduction  of  the  simplest  aromatic  acid,  benzoic  add, 
the  bactericidal  power  of  the  parent  iodoacetylaminoethanol  salt  was 
doubled,  except  for  the  meningococcus.  The  use  of  the  substituted 
benzoic  adds,  such  as  the  methyl,  nitro,  and  methozybenzoic,  and 
naphthoic  adds,  in  most  cases  still  further  improved  the  action.  In 
the  case  of  the  nitrobenzoates  the  para  compotmd  seemed  more  effec- 
tive than  its  ortko  isomer.  With  the  methylbenzoyl  derivatives  the 
para  compotmd  was  also  more  active  towards  the  strqptococcus  than 
its  ortho  isomer.  With  meningococcus  and  gonococcus  the  reverse  was 
the  case.  The  spedfidty  of  the  j^-diethylaminobenzeneazo-^'-car- 
bozylate  for  streptococcus  was  to  be  expected  from  the  results  already 
discussed  in  connection  with  Table  VI.    This  substance  possesses  the 
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diethylamino  group.  With  the  few  acids  studied,  the  best  results 
were  obtained  with  the  ^-nitrobenzoyl  and  j5-naphthoyl  compounds. 
The  results  yielded  by  the  use  of  other  alcamines,  such  as  aminopro- 
panol,  ethylaminoethanol,  etc.,  would  seem  to  indicate  that  the 
optimum  effect  is  to  be  obtained  with  the  aminoethanol  series. 

In  this  group  of  substances  but  a  few  representatives  were  made 
and  tested.  By  the  use  of  numerous  other  adds  a  much  broader 
series  might  be  developed  for  study  with  the  possibility  of  obtaining 
more  active  preparations.  However,  the  observations  obtained  with 
this  small  group  of  substances  serve  to  demonstrate  again  to  what  ex- 
tent the  bactericidal  effect  may  be  altered  by  relatively  small  changes 
in  the  molecule.  Here,  as  in  the  case  of  the  benzylhexamethylene- 
tetraminium  salts  discussed  in  the  previous  commimication,  the  de- 
gree of  action  is  determined  by  the  character  and  position  of  the  sub- 
stituents  in  the  benzene  nucleus.  The  main  source  of  the  bacteri- 
cidal effect,  however,  is  still  the  hexamethylenetetramine  molecule. 

TABLE  X. 
3  Hours  at  Z(f  C. 


Hexamethylenetetramine 
quateraazy  salt  of 


Chloroacetylurea 

a-chIoroacetyl-/}-methylurea 
a-chloroacetyl-/S*benzylurea 
Chloroacetyliirethane 


B.  typhosus 

kflled  in 
dilution  of  1: 


3,200 
800 
400 
400 


Streptoooccas 

killed  in 
dilation  of  1: 


800-1,600 

400-800 

400 


Meninfo- 

coccus 

killed  in 

dilution  of  1; 


1,600 

1,600 

800 

1,600 


Gonoeocau 

kfllcdiD 
dilution  of  1: 


1,600 

1,600 

1,600 

800 


Still  another  type  of  hexamethylenetetramine  quaternary  salt  in- 
cluded in  the  investigations  was  that  represented  by  the  compound 
obtained  by  the  reaction  of  chloroacetylurea  with  hexamethylene- 
tetramine. In  Table  X  it  is  seen  that  for  a  purely  aliphatic  substance 
it  exhibited  a  strong  bactericidal  power.  It  was  hoped  that  by  turn- 
ing to  the  substituted  ureas  this  action  might  be  improved.  The  ex- 
perience with  the  methyl  and  benzyl  compounds,  however,  showed 
only  a  diminution  of  the  activity. 

Up  to  this  point  the  substances  which  have  been  the  subject  of  dis- 
cussion were  all  quaternary  salts  obtained  from  halogenacetylamino 
compounds.    Two  other  types  of  substances  were  included  in  the 
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TABLE  XI. 

3  Hours  at  2(f  C, 


Hexametfaylenetetramiae 
quateroaiy  salt  of 


Chloroacetone 

M-bromoacetophenone 

^methyI-c«-bromoacetophenone 

A-cthyl-«- 

i,  2-(limethyl-<tf- 

1,  3-diinethyl-6»- 

ifMUtro-<»- 

^-methoxy-ci>- 

^-cthoxy-«- 

^-acetamino-w- 

J^acetaiiuno-4-methyl-oH 

3-acetaznino-4-tolyl  M-iodoethyl  ketone 

1, 2-diacetoxy-tf-iodoacetophenoiie 

/Mfi#-bromoaceto]-quinaldine 


« 


B.  typhosus 

killed  in 
dSutbnof  1; 


1,600* 
1,600* 
1,600 
800 
3,200 
1,600 

800 
800 
800 

800 
400 
200 


Streptococcus 

killed  in 
dilution  of  1: 

Meningo- 
coccus 
killed  in 
dilutbn  of  1 : 

3,200 

1,600 

800 

800 

3,200 

3,200 

800 

1,600 

800 

3,200 

1,600 

1,600 

3,200 

1,600 

800 

1,600-3,200 

12,800 

1,600 

800 

3,200 

3,200 

Gonoooccus 

killed  in 
dUutbnof  1: 


1,600 
1,600 

6,400 
1,600 

6,400 

1,600-3,200 

3,200 

800 
12,800 

800 
3,200 


•Tests  were  made  at  37**  C. 

study  in  which  hexamethylenetetramine  was  joined  by  means  of  the 
halogenacetyl  group  first  to  hydrocarbons  and  then  to  alcohols.  The 
first  of  these  groups,  which  was  prepared  by  the  addition  of  halogen 
ketones  to  hexamethylenetetramine,  may  be  represented  by  the 
following  formula : 

/\co .  CH,v 

y  (CsHi,N,) 


\/ 


X 


The  results  of  the  experiments  made  with  these  substances  are  con- 
tained in  Table  XI.  The  bactericidogenic  property  of  hexamethylene- 
tetramine was  again  demonstrated.  The  first  member,  the  salt  ob- 
tained from  chloroacetone,  was  found  to  kill  Bacillus  typhosus  in  a 
dilution  of  1: 1,600,  which  is  again  striking  for  an  aliphatic  substance. 
Among  the  aromatic  representatives  the  majority  killed  one  or 
another  of  the  species  tested  in  dilutions  of  1: 1,600  or  more.  The 
behavior  of  the  1,2-dimethyl-w-bromoacetophenone  and  ^-methoxy-c«>- 
bromoacetophenone  derivatives  toward  the  gonococcus  and  the 
action  of   the   salt  obtained  from  3-acetamino-4-tolyl   ci>-iodoethyl 
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ketone  on  the  gonococcus  and  the  meningococcus  are  worthy  of 
note.  It  is  seen  that  the  chemical  constitution  of  the  compounds 
determines  in  a  degree  the  bactericidal  power,  but  any •  definite  regu- 
larity is  far  from  apparent.  As  in  many  instances  to  be  seen  in  the 
other  tables,  the  result  of  a  particular  chemical  variation  upon  the 
bactericidal  power  varies  according  to  the  organism  used  for  the  test. 
An  interesting  instance  of  the  influence  of  the  relative  positions  occu- 
pied by  substituents  in  the  benzene  nucleus  upon  the  bactericidal 
effect  is  shown  by  the  differing  action  of  the  1,2-  and  the  1,3-di- 
methyl-cd-bromoacetophenone  salts  towards  the  meningococcus  and 
the  gonococcus.  The  former  substance  is  foiu:  times  more  active  than 
the  latter. 

The  results  yielded  by  the  salts  obtained  from  halogenacetyl  esters 
are  given  in  Table  XII.    The  ease  of  saponification  of  this  chemical 

TABLE  xn. 

3  Hours  at  2(f  C. 


Hexametfaylenetetramine 
quatenuiry  salt  of 


i< 


<f 


Ethyl  bromoacetate 

Phenyl 

Bomyl 

Menthyl 

Ethyl  /3-iodopropionate 

Anisoylglycol  chloroacetate 

^-nitrobenzoylaminoisopropyl  chloroace- 
Ute 


B.  typhosus 

kflledin 
dQutionof  1: 


400 

800 

3,200 

800 

1,600 

1,600 


Streptoooccua 

UUedin 
dUution  of  1 : 


1,600 
3,200 

1,600-3,200 
200 
1,600 

1,600 


Meningo> 

coccus 

kUled  in 

dQutionof  1 


800 
1,600 

1,600 

200 

1,600 


Gonococcus 

killed  in 
dilution  of  1: 


800 

3,200 

1,600 

400 

1,600 

1,600 


*+  indicates  growth  after  exposure  to  a  dilution  of  1:200. 


type  limited  its  more  extended  development.  The  table  demon- 
strates the  bactericidogenic  properties  of  hexamethylenetetramine  in 
this  combination  also.  The  relatively  low  bactericidal  power  of  the 
j5-iodopropionyl  derivative  is  also  in  line  with  the  results  obtained  with 
other  derivatives  of  this  acid. 

In  the  course  of  the  work  still  other  connecting  groups  than  the 
halogenacetyl  radical  were  used  in  order  to  combine  hexamethylene- 
tetramine in  the  form  of  quaternary  salts  with  other  molecular  group- 
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ings.  Bromoethyl  alcohol  by  virtue  of  its  alcoholic  hydroxyl  group 
may  combine  with  acids  to  form  bromoethyl  esters  or  may  be  consid- 
ered the  mother-substance  of  the  bromoethyl  ethers.  These  bromo- 
ethyl derivatives  react  readily  with  hexamethylenetetramine,  giving 
the  two  following  classes  of  salts: 


''^OCH* 


\/ 


rn4V 


(C,H,»N,) 


RCO  •  O  .  CaHrv 

J>  (C,Hi,N4) 


The  results  obtained  with  the  first  of  these,  the  bromoethyl  ether 
salts,  are  given  in  Table  XIII.  It  is  to  be  observed  that  this  tyi)c 
was,  on  the  whole,  most  active  against  the  meningococcus  and  the 


TABLE  xin. 
J  Hours  at  2(f  C. 


Hexamethylenetetramine 
quaternary  salt  of 


Phenyl  bromoethyl  ether 

o-methylphenyl  bromoethyl  ether 

Tfl- 

a-naphthyl  bromoethyl  ether 

^bromophenyl 
Tribromo-^-cresyl 
o-acetaminophenyl  " 


M 


it 


*€ 
St 
tt 
tt 


B.  typhosus 

killed  in 
dilution  of  1 ; 


200 

400 
400 

+ 

800 

200 


Streptococcus 

lulled  in 
dilution  of  1: 

Meningo- 

coccua 

killed  in 

dilution  of  1: 

+ 

400 

400 

1,600 

1,600 

400 

800 

3,200 

1,600-3,200 

1,600 

+ 

3,200 

3,200 

800 

400 

200 

GonococcoB 

killed  in 
dilution  of  1: 


800 

1,600-3,200 

1,600 

800 

12,800 

3,20(HS,40O 

1,600 

800 

400 

200 


9  ■  ■ 

*+  indicates  growth  after  exposure  to  a  dilution  of  1:200. 

gonococcus.  The  partial  specificity  of  the  a-  and  i9-naphthoI  bro- 
moethyl ether  salts  for  the  gonococcus  is  especially  noteworthy. 
The  a-compound,  which  killed  the  gonococcus  in  a  dilution  of  1 :  12,800, 
was  ineffective  against  Bacillus  typhosus  in  a  concentration  of  1 :  200. 
These  instances,  together  with  the  other  substances  mentioned  in 
the  table  which  were  found  to  kill  one  or  the  other  microorganism  in 
dilutions  of  1: 1,600  or  1: 3,200,  still  further  indicate  how  general  in 
character  is  the  bacteriddogenic  property  of  the  hexamethylenetetra- 
mine molecule 
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TABLE  XIV. 
3  Hours  at  2(f  C. 


Hezametliyleiietetranune 
quatemaiy  salt  of 


Bromoethyl  acetate 

"  benzoate 

**          ^-nitrobenzoate. 
Bromoethylphthalimide 


B.  typhosus 

kiUed  in 
dilution  of  1: 


200 


Strq>toooc- 

cus 

killed  in 

dilution  of  1: 


400 


Menin^- 

ooccus 

killed  in 

dilution  of  1; 


800 
400 
800 
400 


Gonoooocos 

killed  in 
dilution  of  1: 


400 
800 
800 
800 


*  +  indicates  growth  after  exposure  to  a  dilution  of  1 :200. 

In  the  case  of  the  bromoethyl  ester  salts  (Table  XIV)  the  intro- 
duction of  the  hexamethylenetetramine  molecule  is  seen  to  be  con- 
siderably less  effective.  However,  here  again  the  best  results  were 
obtained  with  the  meningococcus  and  the  gonococcus.  The  last  sub- 
stance in  the  table  is  not  an  ester  but  a  bromoethylamino  compotmd. 
This  also  was  most  active  against  the  meningococcus  and  gonococcus. 
It  would  seem  from  both  this  series  and  the  previous  group  of  sub- 
stances that  there  is  something  in  the  chemical  nature  of  the  salts 
obtained  from  bromoethyl  compounds  which  renders  them  most  active 
against  these  two  species  of  bacteria.  Although  not  as  marked,  this 
may  be  considered  analogous  to  the  specific  effect  of  the  dialkylamino 
group  upon  the  streptococcus. 

It  is  highly  probable  that  the  further  development  of  any  of  the 
leads  which  have  been  indicated  in  these  papers  might  eventually 
furnish  more  active  preparations  which  would  be  of  chemotherapeutic 
value. 

In  conclusion  we  wish  to  present  the  results  obtained  in  a  few 
experiments  on  the  effect  of  serum  and  protein  on  the  bactericidal 
action  of  several  of  the  compounds  mentioned  in  the  preceding  tables. 
It  so  happened  that  in  these  serum-compatibility  tests  the  technique 
employed  was  that  described  in  the  preceding  paper.  For  this  reason 
the  parallel  observations  made  with  solutions  of  the  compounds  in 
physiological  salt  solution  are  a  dilution  higher  than  those  to  be  found 
in  the  preceding  tables.  Table  XV  presents  the  results  of  these 
tests. 


598 


SALTS   OF  HEXAMETHYLENETETRAMINE.      m 


TABLE  XV. 


Hezamethylenetetramfne  quatcmaiy  salt  of 


Chloroacetyl-<7-toluidine 

Chloroacetylaminomethanol 

eo-bromoacetophenone 

1, 2-diacetoxychloroacetylbenzylainine 


B.  typhosus  killed  in  4  hn.  at  37* 
in  a  dilution  of  1 : 


In  physiological 
salt  solution. 


3,200 
6,400 
1,600 
1,600 


In  horse  serum. 

3,200 
3,200 

800 

800 


It  is  seen  that  in  the  case  of  the  salt  obtained  from  chloroacetyl- 
£>-tolmdine  the  action  was  not  inhibited  by  serum.  In  the  other  cases 
the  observed  eflfect  was  reduced  by  half  in  the  presence  of  serum.  It 
is  possible  that  in  these  cases  the  apparent  inhibition  was  accentuated 
by  the  dilution  scheme  employed,  and  that  in  reality  but  little  relative 
inhibition  occurred.  With  a  few  other  compounds  of  this  class  tested 
by  a  different  technique  a  much  greater  relative  inhibition  of  the 
bactericidal  action  was  observed.  From  these  experiments  we  may 
at  any  rate  conclude  that  the  bactericidogenic  hexamethylenetet- 
ramine  portion  of  the  molecule  does  not  in  itself  cause  serum-incom- 
patibility. The  source  of  this  must  be  sought  in  the  remainder  of  the 
molecule. 

TABLE  XVI. 


Hexamethylenetetramine  quaternary  salt  of 


Chloroacetyl-iS-naphthylamlne 

^methoxy-«i»-bromoacetophenone 

Chloroacetybiovocaine 

a-naphthyl  bromoethyl  ether 

Choloroacetylaminoethyl-^-nitrobenzoatc 
3-acetaznino^toIyl  cu-iodoethyl  ketone. . 


Gonococcus  killed  in  2  hrs.  at  20* 
in  a  dilution  of  1 : 


In  aqueous 
solution. 


3,200 
6,400 
6,400 

12,800 
3,200 

12.800 


In  5  per  cent  so- 
dium caseinate 
solution. 


1,600 
6.400 
6,400 
6,400 
3,200 
1,600 


In  Table  XVI  will  be  foimd  the  results  of  a  series  of  tests  in  which 
the  substances  were  dissolved  in  a^  per  cent  sodium  caseinate  solution. 
The  gonococcus  was  here  used  and  the  technique  employed  was  the 
same  as  that  described  in  the  other  gonococcus  tests.    In  only  one 
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case,  the  last  given  in  the  table,  was  any  marked  inhibition  to  be 
observed.  With  the  remaining  substances  mentioned  relatively  little 
or  no  inhibition  was  observed. 

SUMMARY. 

The  extension  of  the  study  of  the  quaternary  salts  of  hexamethyl- 
enetetramine  to  those  obtained  by  the  addition  of  this  base  to  the  most 
varied  types  of  substances  containing  aliphaticaUy  bound  halogen 
has  demonstrated  that  the  introduction  of  the  hexamethylenetetra- 
mine  nucleus  in  this  manner  results  in  the  production  of  bactericidal 
substances  or  enhances  the  bactericidal  action  if  already  present. 

In  particular  it  was  found  possible  by  the  use  of  the  halogenacetyl 
group,  XCH2CO,  as  a  connecting  link,  to  furnish  primary  and  second- 
ary aliphatic  and  aromatic  amines,  alcohols,  and  hydrocarbons  of 
the  most  varied  character  with  the  hexamethylenetetramine  molecule 
and  to  study  the  relation  between  chemical  constitution  and  bacteri- 
cidal action  in  the  series  of  substances  so  prepared.  Because  of  the 
variety  of  chemical  types  studied,  the  results  are  too  involved  for  a 
detailed  summary  here. 

Many  of  the  substances  were  found  to  be  very  powerful  bactericides, 
and  in  a  niunber  of  instances  derivatives  of  purely  aliphatic  nature 
were  found  to  possess  an  unusual  bactericidal  power. 

BaciUus  typhosus,  streptococcus,  meningococcus,  and  gonococcus 
were  the  microorganisms  used  for  the  tests,  and  striking  instances  of 
partial  specificity  were  observed.  This  specificity  was  found  to  favor 
not  one  species  alone,  but  instances  were  found  in  which  each  of  the 
types  of  bacilli  was  shown  to  be  especially  susceptible  to  one  or  an- 
other of  the  particular  types  of  compoimd  employed.  The  source 
of  this  partial  specificity  is  to  be  sought  not  in  the  hexamethylene- 
tetramine nucleus  itself  but  in  the  molecule  to  which  it  is  attached. 

The  action  of  some  of  the  substances  was  tested  in  the  presence  of 
serum  or  protein  and  was  found  to  be  not  at  all  or  only  slightly  in- 
hibited. In  other  cases  marked  inhibition  occurred.  The  factors 
controlling  the  serum-  or  protein-compatibility  of  these  substances  are 
likewise  to  be  sought  in  that  portion  of  the  molecule  other  than  the 
hexamethylenetetramine. 
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The  discovery  by  Metchnikoflf  of  the  purposeful  character  of  phago- 
cytosis has  so  stimulated  investigation  of  the  defensive  activities  of 
tissue  cells  that  phagocytosis  and  bacterial  destruction  are  at  present 
almost  synonymous  in  the  general  mind.  The  old  view  that  leuko- 
cytes provide  ingested  organisms  with  a  culture  medium  and  a  means 
of  transport  is  now  mentioned  only  in  historical  r6siun6s.  It  is  known 
that  bacteria  may  be  ingested  alive — Metchnikoflf  himself  utilizes 
this  fact  in  his  demonstration  of  the  importance  of  cells  for  immunity^ 
— and  it  is  known  also  that  a  cell  may  take  up  too  many  microorgan- 
isms and  dying  of  a  surfeit,  as  one  might  say,  may  fail  to  kill  them. 
But  such  occurrences  are  regarded  as  mere  incidents  in  the  process  of 
destruction.  The  possibility  that  in  certain  instances  cells  not  only 
fail  to  kill  the  organisms  they  ingest,  but  actively  protect  them  from 
circulating  antibodies  seems  not  to  have  been  considered.  Yet  the 
question  thus  raised  has  more  than  passing  interest.  There  are  a 
number  of  important  diseases,  among  them  leprosy,  tuberculosis, 
gonorrhea,  Leishmania,  caused  by  microbic  parasites  which  live  more 
or  less  habitually  within  tissue  cells.  The  part  played  by  the  host 
cells  in  the  life  of  such  microorganisms  and  also  in  the  distribution 
within  the  body  of  the  diseases  they  induce  has  obvious  importance- 

Unfortimately  it  is  not  possible  to  make  direct  in  vitro  tests  with 
the  microorganisms  mentioned  and  the  cells  in  which  they  live,  for 
the  reason  that  they  fail  to  give  rise  to  circulating  antibodies  active 

^  Metchnikoff,  £.,  in  KoUe,  W.,  and  von  Wasseraiann,  A.,  Handbuch  der 
pathogenen  Mikroorganismen,  Jena,  2nd  edition,  1913,  ii,  679. 
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enough  to  be  smtable  for  the  tests.  But  the  problem  can  be  ap- 
proached by  means  of  artificial  systems.  It  is  possible,  for  example, 
to  submit  leukocytes  that  have  ingested  bacteria  to  a  bacteriddal 
serum  and  observe  its  effect  on  the  intracellular  organisms. 

Protection  against  a  Foreign  Antiserum. 

In  a  first  experiment  we  have  used  BaciUus  typhosus,  the  leuko- 
cytes of  the  guinea  pig,  which,  according  to  Pettersson,*  contain  no 
substances  destructive  to  typhoid  bacilli,  and  the  serum  of  normal 
rabbits,  which  is  strongly  bactericidal  for  the  organism. 

Experiment  1. — ^Washed  leukocytes  from  two  sterile,  18  hour,  aleuronat  exu- 
dates of  the  guinea  pig's  peritoneal  cavity  were  made  into  a  single  thick  suspen- 
sion with  Locke's  solution,  and  incubated  with  tjrphoid  bacilli  in  the  presence  of 
a  much  diluted  mixture  of  fresh  guinea  pig  serum  and  antit3rphoid  rabbit  serum. 
The  smallest  amount  of  the  mixture  that  would  ensure  good  phagocytosis  had  been 
previously  determined.  Twice  this  amount  was  employed.  The  suspension  of 
t3rphoid  bacilli  consisted  of  four  24  hour  slant  agar  cultures  of  different  strains* 
made  up  in  80  cc.  of  Locke's  solution. 

After  1  hour's  incubation  films  from  the  phagocytic  mixture  and  from  a  control 
mixture  without  serum  were  examined,  with  Manson's  stain.  Only  in  the  former 
was  phagocytosis  observed.  It  was  profuse,  though  there  were  still  many  free 
bacteriji.  Now  small  portions  of  the  mixtures  and  of  other  control  mixtures  were 
added  to  large  amounts  of  fresh,  normal  rabbit  serum,  and  the  incubation  was 
continued  2  hours  longer.  Plating  was  then  done  in  equal  portions  of  agar. 
Duplicate  tests  were  made  throughout.  For  the  dilutions  Locke's  solution  was 
used. 

As  the  experiment  shows,  leukocytes  can  protect  ingested  bacilli 
from  the  action  of  a  bactericidal  antiserum. 

The  mixture  of  leukocytes  and  bacteria  subjected  to  preliminary 
incubation  without  serum  (Mixture  2),  and  consequently  free  of 
phagocytosis  at  the  end  of  the  first  hour,  gave  many  more  colonies 
in  the  plates  made  2  hours  after  the  addition  of  rabbit  serum  than  did 
Mixtures  3  and  4  from  which  leukocytes  were  absent.  This  was 
probably  due  to  the  protection  of  ingested  organisms,  despite  the  fact 

^  Pettersson,  A.,  CetUralbL  f.  BakterioL,  Ite  Abt.,  Orig.,  1905,  xxxix,  423. 

'  These  were  laboratory  strains  known  respectively  as  Board  of  Health,  Metch- 
nikoff,  Wassermann,  and  New  York  Hospital,  which  had  been  under  cultivation 
for  more  than  2  years. 
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TABLE   I. 


S 
S 


a 

•3 

9 

8 


u. 


0.2 


0.2 


0.4 


u. 


0.2 


0.2 


A 


CC, 

0.2 


0.2 


0.2 


0.2 


I 


0.1 


0.1 


9mm 


2- 


C4 


ce. 
0.1 


0.1 


1  hr.'s  incubation 
0.3  CC.  from  each 
tube  was  mixed 
with  2.4  CC.  nor- 
mal rabbit  serum; 
and  after  2  hrs.' 
more  incubation 
0.5  CC.  of  this  mix- 
ture was  plated 
in  6  CC.  agar. 


6 


211 
294 


72 
49 


10 
13 


25 
27 


B, 


Same  as  A  except 
that  0.3  CC. 
was  mixed 
with  2.4  CC. 
Locke's  solu- 
tion instead 
of  serum. 


Colonies  per 

■quare  cm.  after 

17  hrs. 


About  500. 


Innumerable. 


Exceedingly 
numerous. 


Lmumerable. 


that  the  bacteria  were  all  outside  the  cells  at  the  time  the  rabbit 
serum  was  added.  For  the  rabbit  serum  itself  was  able  to  cause 
phagocytosis  and  did  actually  cause  this  in  the  mixture,  as  the  films 
show.  Presumably  it  brought  about  the  ingestion  of  some  living 
bacteria  which  were  then  protected  from  its  further  action  by  the 
cells  containing  them. 

The  character  of  the  protection  was  not  determined  in  this  experi- 
ment. The  results  of  Table  I  can  be  interpreted  otherwise  than 
wholly  in  terms  of  bactericidal  action.  The  serum  was  agglutinative; 
and  agglutination  can  of  itself  produce  a  reduction  in  the  number 
of  colonies  from  a  bacterial  suspension.  The  leukoc3rtes  might  have 
protected  the  bacilli  merely  mechanically  against  clumping  and  thus 
have  brought  about  the  results  seen  in  the  plates.  Obviously,  for 
further  work  a  non-agglutinating  bactericidal  agent  was  desirable. 


An  Indicator  of  Cell  Death. 

The  question  came  up,  furthermore,  whether  the  leukocjrtes  exert- 
ing a  protective  influence  were  alive.  Rabbit  serum  contains  an 
hemolysin  for  guinea  pig  erythrocytes,  and  might  well  kill  the  white 
cells  of  this  species.    To  solve  the  point  resort  was  had  to  tests  with 
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trypan-blue.  Evans  and  Wintemitz*  state  that  the  dye  rapidly 
colors  the  nuclei  of  dead  cells  but  does  not  stain  Uving  ones.  The 
following  experiment  confirms  their  observation. 

Experiment  2, — ^A  4  day  aleuronat  exudate  from  the  pleural  cavity  of  a  dog  was 
washed  and  suspended  in  Locke's  solution.  It  contained  many  large  mono- 
nuclear cells  capable  of  phagocyting  rat  erythrocytes.  A  part  of  the  suspension 
was  mixed  with  rat  erythrocytes  and  dog  serum,  and  incubated  for  1  hour,  after 
which  an  equal  bulk  of  a  freshly  prepared  and  filtered  solution  of  trypan-blue 
(0.02  gm.  in  2.0  cc.  of  Locke's  solution)  was  added  and  the  cells  forthwith  exam- 
ined. The  nuclei  of  the  majority  of  them  failed  to  stain.  None  of  the  many 
cells  that  had  phagocyted  erythrocytes  showed  nuclear  staining. 

Other  portions  of  the  original  suspension  were  kept  in  the  ice  box  for  several 
days  and  then  treated  in  the  same  way.  Most  of  the  cells  now  failed  to  take 
up  the  rat  corpuscles,  and  most  stained  promptly  with  trypan-blue.  Among  the 
few  which  did  not  stain  were  those  which  had  just  phagocyted  rat  cells. 

The  results  of  this  experiment  have  been  borne  out  by  many  sub- 
sequent observations  involving  injury  to  cells  of  other  types,  among 
them  the  cells  liberated  from  tissue  cultures  by  digestion  of  the  plasma 
clot  with  trypsin.*  TrjT)an-blue  is  a  prompt  and  reliable  indicator 
of  whether  cells  are  alive  or  dead. 

Protection  against  an  Inorganic  Disinfectant, 

The  test  with  trypan-blue  showed  that  rabbit  serum  is  injurious 
to  guinea  pig  leukocytes  subjected  to  it  under  the  conditions  of 
Experiment  1.  At  the  end  of  2  hours'  incubation  about  half  the  leu- 
kocytes were  dead,  as  shown  by  the  nuclear  staining,  whereas  in  con- 
trol specimens  incubated  in  salt  solution,  they  were  nearly  all  alive, 
very  few  stained  cells  being  observed.  Because  of  the  unfitness  of 
rabbit  serum  for  our  work,  as  thus  manifested,  it  was  necessary  to 
find  another  bactericidal  agent,  one  that  would  not  harm  the  leu- 
kocytes or  agglutinate  the  bacteria.  Potassium  cyanide  proved  to 
have  both  these  qualities. 

Clowes'  was  the  first  to  demonstrate  the  difference  in  resistance  of 
tissue  cells  and  bacteria  to  potassium  cyanide.    As  far  as  we  are 

*  Evans,  H.  M.,  and  Winternitz,  M.  C,  unpublished  work,  cited  by  Evans, 
H.  M.,  and  Schulemann,  W.,  Science^  1914,  xxxix,  443. 
'  Rous,  P.,  and  Jones,  F.  S.,  Jour.  Exper,  Med.,  1916,  xxiii,  549. 
«  Clowes,  G.  H.  A.,  Brit,  Med.  Jour,,  1906,  ii,  1548. 
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aware,  his  important  observations  have  not  been  followed  up.  He 
found  that  tumor  cells  treated  in  vitro  with  cyanide  in  a  concentra- 
tion that  killed  bacteria  remained  capable  of  causing  tiunors  on  im- 
plantation. Our  tests  have  shown  that  i^o  potassiiun  cyanide  in 
Locke's  solution  will  destroy  typhoid  bacilli  in  heavy  suspension 
while  failing  to  kill  guinea  pig  leukocytes,  as  shown  by  the  trypan- 
blue  test.  Fi]f  thermore,  the  bacilli  are  not  agglutinated.  In  Experi- 
ment 3  advantage  has  been  taken  of  these  facts. 

Experiment  3. — ^This  experiment  closely  followed  Experiment  1  except  that 
potassium  cyanide  was  substituted  for  rabbit  serum.  A  watery  solution  of 
potassium  cyanide,  isotonic  with  0.95  per  cent  sodium  chloride,  was  used,  diluted 
with  Locke's  solution  to  -^^  concentration. 

No  phagocytosis  was  observed  in  Tube  2  after  the  preliminary  incubation;  but 
it  was  pronounced  in  Tube  1,  though  large  numbers  of  bacilli  were  still  free. 
The  leukocytes  were  tested  with  trypan-blue  at  the  time  of  plating  and  were 
foimd  to  be,  in  general,  still  alive,  as  proved  by  the  fact  that  their  nuclei  failed 
to  stain.  In  more  concentrated  potassium  cyanide  solutions  they  died  early  as 
shown  by  the  stain.  Some  potassiiun  cyanide  was  carried  over  into  the  agar 
plates  but  there  it  was  greatly  diluted.  Control  tests  with  regard  to  this  point 
showed  that  the  addition  to  agar  of  more  than  ten  times  the  amount  of  potassium 
cyanide  present  in  our  plates  failed  to  prevent  or  even  to  delay  the  growth  of 
typhoid  organisms. 

TABLE   n. 


S 


I 

8 


ec. 


0.2 


0.2 


0.4 


u. 


0.2 


0.2 


0.2 


0.2 


0.2 


0.2 


I 


lO 


ce. 
0.1 


0.1 


•mm 

If 


0.1 


0.1 


1  hr.'s  incubation 
then  1.2  cc.  ^^^ 
potassium  cya- 
nide added;  2 
hrs.'  more  incu- 
bation and  0.2  cc. 
plated  with  6.0 
cc.  agar. 


S  9  H 


144 
142 


2 
2 


0 
0 


0 
0 


B. 


Same  as  A  except 
that  1.2  cc. 
Locke's  solu- 
tion added  in- 
stead of  the 
potassium 
cyanide. 


Coloniei  per 

■quare  cm.  after 

17  hit. 


About  1,500 


Innumerable. 


About  1,500 


Innumerable. 


606  PROTECTION  or  PATHOGENIC  MICROORGANISMS 

Here  there  was  a  marked  protection  of  bacteria  by  the  tissue  cells 
containing  them  (Table  II)..  The  potassiimi  cyanide  entirely  steril- 
ized the  suspensions  in  which  the  bacilli  were  free,  whereas  in  the 
mixtures  in  which  phagocytosis  had  occurred,  many  bacilli  survived 
its  action  and  grew  in  the  plates.  One  or  two  colonies  developed  from 
Mixture  2,  in  which  there  was,  supposedly,  no  phagocytosis  because 
of  the  absence  of  senun.  But,  as  is  well  known,  phagocytosis  takes 
place  to  a  slight  extent  in  the  absence  of  serum.  The  result  is 
readily  explained  on  this  basis. 

Despite  the  results  of  this  experiment,  the  evidence  for  a  protection 
exerted  by  living  cells  specifically  is  not  conclusive.  For  had  the 
cyanide  killed  but  one  phagocyte  in  every  several  hundred, — and  this 
may  well  have  happened, — the  gross  number  would  be  sufficient  to 
permit  of  an  interpretation  of  the  results  in  terms  of  a  protection 
exerted  by  dead  phagocytes,  not  by  living  ones. 

Protection  against  an  Homologous  Antiserum. 

A  second  objection  to  experiments  such  as  the  foregoing  is  that 
they  have  little  in  common  with  the  conditions  in  the  animal  body. 
We  have  sought  to  meet  both  these  difficulties  by  employing  red 
cells  as  the  test  object,  placing  phagocytes  which  contain  them  in  an 
hemolytic  antisenma  derived  from  an  animal  of  the  sort  furnishing 
the  phagocytes.  With  such  material  it  is  easy  to  follow  the  fate  of 
the  ingested  corpuscles  and  to  determine  by  means  of  the  trypan- 
blue  stain  whetiier  tiie  individual  phagocytes  exerting  protection  are 
alive  or  dead.  And  if  the  time  element  be  disregarded,  one  can  with 
good  reason  liken  the  conditions  as  regards  the  ingested  rat  corpus- 
cles to  those  affecting  pathogenic  microorganisms  existing  within 
cells  bathed  witii  a  lymph  containing  antibodies. 

We  Have  employed  rat  red  cells  allowing  large  mononuclear  cells 
from  an  exudate  in  the  dog's  pleural  cavity  to  phagocyte  them,  after 
which  an  anti-rat  dog  serum  has  been  added  to  the  mixture.  In 
order  to  follow  the  fate  of  the  ingested  red  cells  it  has  been  necessary 
to  know  what  changes  they  would  undergo  when  mjured  within  the 
phagocytes  by  the  hemolytic  serum.  For  the  corpuscles  cannot  lake 
as  they  would  when  free.     Fortimately  these  changes  proved  easily 
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recognizable  when  several  red  cells  were  present  side  by  side  in  a 
single  phagocyte.  They  have  been  described  and  figured  by  Levaditi^ 
and  others,  who  noted  them,  as  we  have  done,  within  phagocytes  that 
had  taken  red  cells  out  of  an  hemolytic  mixture  after  the  hemolysin 
had  attached  itself.  Under  such  circumstances  hemolysis  goes  on 
within  the  phagocyte  with  the  result  that  the  included  corpuscles 
melt  together,  as  it  were,  forming  one  or  more  large,  orange-yellow 
hemoglobin-containing  globules,  which  on  pressure  escape  from  the 
cell  to  dissolve  instantly  in  the  surrounding  fluid.  The  contrast 
between  these  intracellular  globules  and  red  cells  that  remain  intact 
after  ingestion  is  pronounced  (Fig.  1). 

Experiment  4. — ^The  phagocytes  used  were  mononuclear  cells  of  a  4  day  aleuro- 
nat  exudate  in  the  pleural  cavity  of  a  dog.  The  exudate  was  washed  twice  and 
made  into  a  thick  suspension.  It  contained  a  very  few  red  cells.  The  opsonizing 
serum  was  derived  from  the  same  dog,  and  so  too  the  25  per  cent  suspension  of 
washed  dog  cells  needed  for  the  controls.  The  serum  hemolytic  for  rat  cells 
came  from  another  dog  which  received  three  intravenous  injections  of  rat  ery- 
throcytes on  successive  days  and  was  bled  8  days  thereafter.  Preliminary  exami- 
nation of  the  two  dogs'  blood  had  shown  that  they  did  not  agglutinate  or  hemo- 
lyze  each  other. 

The  form  of  the  experiment  was  simple.  Rat  cells,  dog  exudate,  and  a  little 
normal  dog  serum  were  mixed  together,  and,  when  phagocytosis  had  taken 
place,  anti-rat  dog  serum  was  added  to  some  portions  of  the  mixture,  and  to  others 
an  equal  quantity  of  Locke's  solution.  Incubation  was  resumed  and  from  time 
to  time  the  phagocyted  red  cells  were  observed  for  evidence  of  destruction.  Two 
preliminary  tests  were  necessary. 

(i4)  A  determination  of  the  least  amotmt  of  dog  senmi  which  would  incite 
to  phagocytosis.  The  dog  serum  used  for  its  opsonins  contained,  as  is  usual,  an 
hemolysin  for  rat  cells.  But  the  test  showed  that  it  could  be  used  to  incite 
phagocjrtosis  in  an  amount  far  below  the  one  producing  visible  erythrocytic 
change. 

{B)  A  test  to  find  out  how  much  anti-rat  dog  serum  was  required  to  hemoljrze 
free  rat  cells  so  rapidly  that  they  could  not  be  taken  up  by  dog  phagocytes  mixed 
with  them.  For  the  anti-rat  serum  was  not  only  hemolytic  but  an  active  stimu- 
lant to  phagocytosis  as  well.  And,  had  it  been  added  to  the  phagocytic  mixtures 
in  a  quantity  which  permitted  the  taking  up  of  cells  while  hemolysis  of  them  was 
going  on,  a  proper  comparison  between  the  corpuscles  in  the  phagocytes  sub- 
mitted to  serum  and  those  submitted  to  Locke's  solution  would  have  been  im- 
possible. The  results  of  this  test  were  so  interesting  that  they  will  be  given  in 
detafl. 

^  Levaditi,  C,  Ann.  de  VInst,  Pasteur,  1902,  xvi,  233. 
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TABLE   m. 


Mix- 
ture. 

25  per 
cent  rat 
red 
blood 
corpus- 
cles. 

Dog 
serum. 

Exu- 
date. 

Anti-rat  serum. 

Apparent 
hemolysis. 

Real  oonditioQ  as  determined 
microBGopicany. 

u. 

cc. 

u. 

cc. 

1 

0.1 

0.1 

0.25 

0.5 

Complete 
within  5 
min. 

No  phagocytosis.  Complete 
hemolysis. 

2 

0.1 

0.25 

0.25 

0.25 

Complete. 
(?) 

Considerable  phagocytosis. 
All  free  red  blood  corpus- 
cles hemolyzed. 

3 

0.1 

0.25 

0.25 

0.25  of  50% 
solution. 

+  +  + 

Profuse  red  sediment,  of  phag- 
ocytes    enormously     dis- 

4 

0.1 

0.25 

0.25 

0.25  of  25% 
solution. 

++ 

tended  with  red  cells.  All 
free  red  cells  hemolyzed. 

Incubation  was  for  1  hour  at  37**C. 


Only  in  the  fast  mixture  was  there  complete  hemolysis  and  in  this  all  the  red  cells 
had  suffered  destruction  within  the  first  5  minutes  of  incubation  (Table  III).  In 
the  other  mixtures  the  degree  of  color  of  the  supernatant  fluid  at  the  end  of  an 
hour  indicated  incomplete  hemol3rsis  as  did  the  profuse  red  sediment.  But  these 
findings  were  not  due  to  the  serum's  lack  of  hemolytic  power,  for,  as  the  micro- 
scope showed,  all  the  red  cells  remaining  free  had  been  hemolyzed.  Many  though, 
had  been  ingested  by  cells  of  the  exudate,  and  thus  were  protected  from  hemolysis. 
The  abundant  red  sediment  consisted  of  phagocytes  distended  with  red  cells. 
Some  of  the  phagocytes  had  extended  only  the  thinnest  layer  of  glassy  cytoplasm 
over  the  red  corpuscles  which  stood  out,  quite  unhemolyzed,  as  knobs  on  their 
surface.  Such  corpuscles  were  evidently  protected  from  the  serum  by  their  intra- 
cellular situation.  But  most  of  the  ingested  red  cells  had  been  much  injured  and 
had  coalesced  into  orange-yellow  globules  (Fig.  1). 

The  test  made  it  evident  that  in  order  to  avoid  phagocytosis  in  the  presence 
of  the  hemolytic  serum  sufficient  of  this  serum  must  be  added  to  cause  hemolysis 
of  all  the  red  cells  within  5  minutes. 

Now  the  main  experiment  was  proceeded  to.  The  following  mixtures  were 
made  in  a  number  of  tubes. 

Mixture  1. — 0.1  cc.  25  per  cent  suspension  of  rat  red  blood  corpuscles  -f  0.5 
cc.  exudate  +  0.5  cc.  25  per  cent  dog  serum. 

Mixture  2, — 0.1  cc.  25  per  cent  suspension  of  rat  red  blood  corpuscles  +  0.5 
cc.  exudate  H-  0.5  cc.  10  per  cent  dog  senun. 

At  the  end  of  an  hour's  incubation  the  mononuclear  cells  were  found  to  have 
ingested  numbers  of  apparently  unchanged  red  cells, — from  6  to  25,  as  a  rule. 
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To  some  of  the  duplicate  tubes  0.5  cc.  anti-rat  dog  serum  was  added,  to  others 
the  same  quantity  of  Locke's  solution,  and  incubation  was  resumed.  At  th6 
end  of  a  further  hour  the  preparations  were  examined  for  evidence  of  destruction 
of  the  intracellular  red  cells.  None  had  occurred.  The  erythroc3rtes  within  the 
mononuclears  submitted  to  anti-rat  serum,  like  those  within  the  phagocytes  treated 
with  Locke's  solution,  were  still  intact  (Fig.  2).  But  the  anti-rat  serum  had 
hemolyzed  all  extracellular  erythrocytes  and  the  phagocytes  lay  in  the  midst 
of  masses  of  shadows. 

A  still  more  exacting  test  was  carried  out,  as  follows: 

Mixture  3. — 0.1  cc.  25  per  cent  suspension  of  rat  red  blood  corpusdes  +  0.5 
cc.  exudate  +  0.5  cc.  concentrated  dog  serum.  After  1  hour's  incubation  0.5 
cc.  anti-rat  serum  was  added  to  some  of  the  tubes,  an  equivalent  amount  of  Locke's 
solution  to  others,  and  incubation  continued  for  2  hours  more.  In  this  instance 
the  amount  of  serum  used  for  opsonization  caused  injury  to  the  red  cells,  of  which 
some  coalesced  into  globules  immediately  after  their  ingestion,  though  the  majority 
remained  intact.  And  now  when  the  phagocytes  full  of  these  globules  and  of 
more  or  less  injured  and  vulnerable  cells  were  submitted  to  anti-rat  serum  and  to 
Locke's  solution,  respectively,  for  2  hours,  no  microscopic  differences  in  their 
contents  were  observed.  The  anti-rat  serum  had  been  powerless  to  enhance  the 
breaking-down  of  the  red  cells. 

The  dog  red  cells  present  in  the  exudate  were  far  too  few  to  constitute  a  source 
of  error  in  the  findings.  Nevertheless,  a  number  of  control  tests  were  made  with 
a  25  per  cent  suspension  of  dog  cells  instead  of  rat  cells.  They  were  not  phage- 
cyted.  In  the  experimental  tests  proper,  the  free  dog  cells  were  easily  distin- 
guished by  their  failure  to  agglutinate  or  hemolyze  in  the  anti-rat  serum. 

The  results  of  this  experiment  were  clear-cut.  The  phagocytes 
protected  red  cells  within  them  from  the  action  of  a  powerful  homolo- 
gous antiserum  (Figs.  2  and  3). 

Protection  a  Function  of  the  Living  Cell. 

The  condition  of  the  leukocytes  exerting  this  protective  action 
remained  to  be  determined.  Were  they  perhaps  injured  by  the  anti- 
serum, despite  the  absence  from  it  of  agglutinins  and  hemol3rsins? 
The  failure  of  the  sermn  to  penetrate  could  be  explained  in  this  way. 
Or  was  the  protection  a  function  of  the  living  leukocytes  and  of  living 
ones  only?  Tests  with  the  material  of  Experiment  4  threw  light  on 
these  points. 

Experiment  5. — {A)  Cells  of  the  ultimate  mixtures  of  Experiment  4  were 
examined  with  trypan-blue.    The  phagocytes  which  had  been  incubated  with 
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anti-rat  serum  and  those  submitted  to  Locke's  solution  alike  failed  to  take  the 
stain.    Many  of  the  white  cells  that  had  failed  to  ingest  red  corpuscles  showed 
nuclear  staining. 
.  {B)  The  following  mixture  was  made  up  with  the  ingredients  of  Experiment  4: 

0.1  cc.  Locke's  solution  +  0.5  cc.  washed  exudate  +  0.5  cc.  concentrated  anti- 
rat  serum  +  0.5  cc.  dog  serum. 

After  1  hour's  incubation  the  cells  were  separated  out  with  the  centrifuge  and 
made  up  as  follows: 

0.5  cc.  treated  cells  +  0.1  cc.  25  per  cent  suspension  of  red  blood  corpuscles 
-f  0.5  cc.  dog  serum. 

At  the  end  of  an  hour  profuse  phagocytosis  had  taken  place,  proving  that  the 
leukocytes  could  not  have  been  seriously  injured  by  the  antiserum. 

(C)  Portions  of  the  ultimate  mixtures  of  Experiment  4,  in  which  phagocytosis 
had  occurred,  were  kept  in  the  ice  box  at  about  2^  C.  and  examined  each  day. 
At  the  end  of  the  -first  24  hours  the  cellular  sediment  had  largely  lost  its  ruddy 
color.  The  microscope  showed  that  this  was  due  to  diffusion  out  of  the  phago- 
cytes  of  pigment  from  the  ingested  red  cells.  The  majority  of  the  leukoc3rtes 
had  now  a  ground  glass  appearance.  In  Mixtures  1  and  2  there  could  be  seen 
within  the  phagocytes  the  intact  stromata  of  red  cells  from  which  the  hemo- 
globin had  disappeared.  In  Mixture  3  the  stromata  were  not  so  clearly  visible. 
In  this  instance,  one  will  recall,  the  majority  of  the  red  cells  were  much  damaged 
previous  to  ingestion.  In  all  the  mixtures  there  were  still  some  phagocytes  con- 
taining bright  red  cells,  and  in  Mixture  3  some  with  orange-yellow  globules. 
Phagocytes  containing  one  or  two  intact  cells  and  the  shadows,  of  others  were  not 
observed;  but  the  protoplasm  of  many  phagocytes  was  stained  light  orange,  due 
to  the  seeping  out  of  the  hemoglobin  from  ingested  red  elements.  With  the 
trypan-blue  test  it  was  found  that  the  cells  containing  bright  erythrocytes  or 
globules  regularly  failed  to  stain.  So  too  did  the  cells  tinted  light  orange. 
Practically  all  the  other  leukocytes  underwent  an  immediate  nuclear  staining. 

After  3  days  in  the  ice  box  the  results  were  identical  except  that  living  phago- 
cytes were  now  rare. 

This  experiment  proved  that  the  protection  exerted  by  the  phago- 
cytes in  Experiment  4  was  not  due  to  injury,  but  on  the  contrary  was 
associated  with  active  cell  life.  When  the  phagocytes  died  they  be- 
came permeable,  allowing  a  rapid  diffusion  outwards  of  the  hemo- 
globin from  the  ingested  erythrocytes,  as  well  as  diffusion  inwards 
of  the  trypan-blue  stain.  It  seems  highly  probable  from  these  facts, 
as  well  as  from  common  knowledge  of  the  differences  in  permeability 
between  dead  and  living  tissues,  that  when  phagocytes  die  they  must 
lose  largely  if  not  entirely  their  protective  power. 
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DISCUSSION. 

There  are  in  the  literature  a  number  of  detached  observations  which 
corroborate  our  findings.  Bordet  found  that "  cholera  spirilla  injected 
into  the  blood  stream  of  cholera  immime  animals  are  taken  up  by  the 
leukocytes  even  before  they  can  be  subjected  to  lysis  by  the  circu- 
lating lytic  antibodies."*  And  Metchnikoflf,  Levaditi,^  Briscoe,* 
and  others  have  shown  that  red  cells  injected  into  the  previously 
immimized  animal  may  be  phagocyted  before  they  can  hemolyze. 
But  so  far  as  we  are  aware  no  attention  has  been  paid  to  these  indi- 
cations of  protection  by  cells.  Such  protection  had  no  practical 
importance  in  the  instances  cited  because  the  phagocytes  themselves 
were  capable  of  destrosdng  the  organisms  they  had  ingested.  In  our 
experiments  as  well  the  phagocytes  may  have  possessed  this  ability. 
The  demonstration  of  protection  by  them  is  not  thereby  invalidated. 
For  the  ability  of  cells  to  protect  ingested  organisms  from  the  action 
of  outside  agencies  must  be  considered  as  entirely  distinct  from  the 
disposition  they  ultimately  make  of  these  organisms. 

It  remains  to  be  determined  how  far  the  protection  of  microorgan- 
isms by  living  tissue  cells,  especially  cells  incapable  of  killing  the 
microorganisms,  is  imp>ortant  in  disease  processes.  The  phenomenon 
may  have  much  to  do  with  the  survival  in  the  animal  body  of  organ- 
isms such  as  the  leprosy  bacillus  which  is  so  often  found  living  within 
cells  of  the  fixed  tissues;  and  it  may  serve  to  explain  in  part  the  thera- 
peutic difficulties  in  such  instances.  It  may  throw  light,  further- 
more, on  the  formation  of  new  disease  fod  at  points  of  injury  in  indi- 
viduals of  high  general  resistance.  For  if  an  infective  agent  can  be 
"walled  oflF"  from  the  action  of  the  body  fluids  by  the  protoplasm  of  a 
single  cell  containing  it,  there  is  no  reason  why  it  should  not/be  carried 
imharmed  wherever  this  cell  goes. 

CONCLUSIONS. 

1.  Living  phagocytes  are  able  to  protect  ingested  organisms  from 
the  action  of  destructive  substances  in  the  surroimding  fluid,  and 
even  from  a  strong  homologous  antiserum. 

*  See  Zinsser,  H.,  Infection  and  Resistance,  New  York,  1914. 
'  Briscoe,  J.  C,  Jour,  Path,  and  BacterioL,  1908,  xii,  66. 
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2.  There  is  evidence  that  the  protection  by.  phagocytes  is  largely 
if  not  entirely  conditioned  on  their  being  alive. 

3.  These  facts  should  be  taken  into  consideration  in  the  study  of 
diseases  caused  by  infectious  agents  capable  of  living  within  tissue 
cells. 

EXPLANATION  OF  PLATE  90. 

Fig.  1.  Red  cells  hemoljrzing  within  phagocytes.  There  is  a  coalescence  of 
the  cells  into  globules.     X  625. 

Fig.  2.  Intact  red  cells  of  the  rat  within  dog  phagoicytes  submitted  for  1  hour 
to  a  powerful  anti-rat  dog  serum.  Many  of  the  red  cells  appear  pale  because 
they  are  out  of  focus.  The  only  free  er3rthrocytes  that  have  not  been  laked  are 
a  few  dog  cells.     X  625. 

Fig.  3.  Red  cells  of  the  rat  still  intact  within  dog  phagocytes  submitted  for 
2  hours  to  a  dog  serum  strongly  hemolytic  for  rat  cells.  The  shadows  of  numer- 
ous erythrocytes  hemolyzed  while  free  are  just  visible.     X  625. 
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THE  EFFECT  OF  DIGITALIS  ON  THE  NORMAL  HUMAN 

ELECTROCARDIOGRAM,  WITH  ESPECIAL 

REFERENCE  TO  A-V  CONDUCTION. 

By  PAUL  DUDLEY  WHITE,  M.D.,  and  ROBERT  RAY  SATTLER,  M.D. 
(From  the  Massachusetts  General  Hospital^  Boston,) 

Plates  91  to  94. 

(Received  for  publication,  February  18,  1916.) 

A  study  of  the  eflfect  of  digitalis  on  the  normal  human  electrocardio- 
gram was  undertaken  by  us  through  a  desire  to  throw  more  light  on  the 
significance  of  the  various  grades  of  heart  block  not  infrequently  pro- 
duced in  patients  by  only  moderate  amounts  of  digitalis.  Little  atten- 
tion has  hitherto  been  paid  to  the  careful  electrocardiographic  study 
of  the  influence  of  digitalis  on  A-V  conduction  in  the  normal  human 
heart. 

Cohn  and  Eraser^  in  1913  reported  the  study  with  the  string  gal- 
vanometer of  twelve  patients  with  normal  cardiac  rhythm,  four  of 
them  without  heart  lesion.  Digitalis  in  doses  equivalent  to  2  to  4 
gm.  of  the  leaves  produced  changes  in  A-V  conduction  in  all  the  pa- 
tients. A  partial  or  complete  return  to  the  original  conduction  time 
was  always  produced  by  atropine.  In  1914  Cohn*  reported  an  in- 
vestigation with  digitalis  of  patients  having  an  early  stage  of  heart 
disease  with  normal  mechanism.  He  concludes  that  "An  eflfect  on 
conduction  may  be  set  down  as  a  usual  effect  of  giving  the  drug,  apart 
from  specific  preexisting  injury."  In  our  experiment  with  normal 
active  young  adults  we  have  come  to  the  same  conclusion  and  have 
evidence  to  show  that  this  defect  in  conduction  is  practically  entirely 
due  to  increased  tone  and  irritability  of  the  vagus. 

In  this  investigation  five  healthy  young  male  adults  were  studied 
by  us  electrocardiographically.    The  Cambridge  model  of  the  Ein- 

'  Cohn,  A.  E.,  and  Fraser,  F.  'R.,  Jour.  Pharm.  and  Exper.  Therap,,  1913-14, 
V.  512. 

'  Cohn,  A.  E.,  Jour,  Am.  Med.  Assn.,  1915,  bdv,  463. 
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618         EPFECT  OF  DIGITALIS  ON  HUMAN  ELECTROCARDIOGRAM 

thoven  string  galvanometer  was  used  with  non-polarizable  electrodes. 
Photographic  plates  containing  the  three  leads  of  Einthoven  were 
taken  before  the  administration  of  the  drug,  at  approximately  24 
hour  intervals  during  the  administration  and  at  intervals  of  a  day  or 
two  after  the  drug  was  stopped  imtil  the  electrocardiograms  had  re- 
turned to  normal.  We  have  used  Caesar  and  Loretz  digitalis  leaf  in 
amoimts  ranging  from  2  to  3  gm.  at  the  rate  of  0.3  gm.  daily.  Dif- 
ferent amoimts  of  digitalis  were  used  in  order  to  compare  the  dura- 
tions of  the  drug  effects.  The  effects  of  atropine  (0.002  gm.  sub- 
cutaneously)  and  exercise  (a  fast  nm  of  about  one-quarter  of  a 
mile)  on  the  normal  and  on  the  digitalized  electrocardiograms  were 
studied.  Several  control  records  were  taken  in  order  to  determine  the 
normal  range  of  A-V  conduction  time  in  the  individuals  tested. 

Measurements  were  made  by  projecting  the  images  on  the  photo- 
graphic plates  upon  a  glass  screen  at  a  magnification  of  twenty-five 
diameters.  For  this  purpose  a  microphotographic  apparatus  was 
used.  The  electrocardiographic  intervals  were  measured  off  by 
calipers  on  a  scale  of  one-sixtieth  of  an  inch  and  compared  with  the 
measurements  of  the  time  intervals.  Our  maximum  error  |s  below 
0.01  second.  Time  intervals  of  0.2  second  were  used  instead  of 
smaller  intervals,  such  as  0.04  second,  because  of  the  greater  accuracy 
of  measurement.  In  work  which  one  of  us  did  with  Lewis*  on  the 
measurement  of  P-R  intervals  in  experimental  curves  it  was  foimd 
that  the  upstrokes  of  deflections  so  often  fell  upon  and  were  ob- 
scured by  the  time  lines  separating  intervals  of  0.04  second  that 
these  small  intervals  were  given  up  and  0.2  second  time  intervals 
adopted.  Three  beats  were  measured  on  each  plate  and  their  aver- 
age was  recorded  in  the  final  tables  (Tables  I  to  V). 

In  addition  to  the  determination  of  the  A-V  conduction  time  as 
obtained  from  the  P-R  or  P-Q  interval  (the  latter  if  a  Q  is  present), 
the  Q-end  of  S  and  Q-end  of  T  intervals  before  and  after  digitalis 
have  been  measured;  the  digitalis  effects  on  the  amplitudes  of  the 
electrocardiographic  deflections,  on  the  heart  rates,  on  the  blood 
pressures,  and  on  the  subjective  sensations  have  been  studied.  On 
account  of  the  fact  that  the  tension  of  the  string  was  not  always 

•Lewis,  T.,  and  White,  P.  D.,  Heart,  1914,  v,  335. 


PAUL  DUDLEY  WHITE  AND   ROBERT  RAY   SATTLER  619 

accurately  adjusted  allowance  for  errors  has  been  made  in  calculating 
the  curves. 

Tables  I  to  V  contain  the  measurements  of  the  A-V  conduction 
times  as  expressed  by  the  P-Q  or  P-R  intervals,  the  measurements 
of  the  Q-end  of  S  and  the  Q-end  of  T  intervals,  the  amplitudes  of  the 
deflections,  the  heart  rates,  the  blood  pressures,  and  the  subjective 
sensations.  Table  VI  contains  the  effects  of  exercise  on  A-V  con- 
duction in  the  normal  electrocardiogram.  Figs.  1  and  2  show  the 
control  electrocardiograms  of  the  five  subjects  and  those  taken  at  the 
end  of  the  digitalis  administration.  Fig.  3  shows  the  atropine  and 
exercise  effects  on  the  digitalized  electrocardiograms.  Figs.  4  and  5 
iUustrate  the  phenomenon  resulting  from  digitalis  in  one  of  the 
subjects. 

DISCUSSION. 

A'V  Conduction. 

Digitalis  caused  a  delay  in  A-V  conduction  in  four  of  our  five 
subjects.  In  three  the  lengthening  was  but  slight  and  hardly  greater 
than  the  normal  range  of  conduction  time  in  these  same  individuals 
(Tables  II,  III,  and  IV).  In  none  of  these  three  did  the  P-R  inter- 
val equal  or  exceed  0.2  second.  In  the  first  subject  (Table  I) 
prolongation  of  conduction  time  up  to  0.3  second  occurred  after  3.0 
gm.  of  digitalis,  but  in  no  one  of  the  five  did  the  P-R  interval  in- 
crease to  as  much  as  0.2  second  after  the  ingestion  of  2.5  gm.  or 
less  of  digitalis.  In  every  instance  after  digitalis  even  when  the 
delay  in  conduction  amounted  to  more  than  0.05  second  atropine 
reduced  the  P-R  interval  to  less  than  its  original  value.  The  increased 
vagal  action  occxirring  with  the  rapidly  slowing  pulse  after  exercise 
added  to  the  defect  already  present  after  digitalis.  Normally  we 
have  foimd  that  immediately  after  exercise  the  A-V  conduction 
time  is  markedly  decreased,  more  even  than  it  is  decreased  normally 
by  atropine,  0.002  gm.  subcutaneously  (Tables  I,  11,  and  VI).  Our 
maximum  shortening  was  from  0.158  to  0.112  second.  Shortening 
of  the  P-R  interval  after  exercise  was  found  by  Lewis  and  Cotton* 
m  1913. 

*  Lewis,  T.,  and  Cotton,  T.  J.,  Jour.  Physiol.^  1913,  xlvi,  p.  Ix. 
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622         EFFECT  OF  DIGITALIS  ON  HUMAN  ELECTROCABPIOGRAM 

From  the  effect  of  digitalis  on  A-V  conduction  in  normal  hearts 
it  seems  to  us  reasonable  to  conclude  that  there  is  either  an  abnormal 
irritability  of  the  vagus  or  a  damage  to  the  conduction  tissue  itself, 
if  heart  block,  even  a  delay  in  conduction  beyond  a  P-R  interval  of 
0.2  second,  occurs  in  patients  after  small  or  moderate  amounts  of  an 
active  preparation  of  digitalis  (for  example  1.0  to  2.0  gm.  of  Caesar 
and  Loretz  standardized  leaves  in  4  to  7  days).  If,  however,  this  drug 
is  continued  up  to  and  beyond  3.0  gm.,  a  slight  defect  in  A-V  conduc- 
tion then  appearing  for  the  first  time  may  be  reasonably  ascribed  to 
the  digitalis  and  no  blame  be  placed  on  the  conducting  tissue. 

Arrhythmia. 

The  greater  action,  or  at  least  the  less  balanced  action,  of  the 
vagus  at  night  slowed  the  heart  rate  in  two  of  the  subjects  (Cases  3 
and  1)  below  the  usual  rate,  in  one  the  pulse  falling  as  low  as  48  to 
the  minute;  in  the  other  subject  the  vagal  activity  was  still  further 
evidenced  by  the  occurrence  of  blocked  auricular  premature  beats — 
a  phenomenon  dependent  on  delay  in  conduction  time  (Figs.  4  and 
5) .  This  arrhythmia,  the  only  one  produced  in  any  of  the  subjects, 
began  to  appear  after  3.0  gm.  of  digitalis  had  been  taken.  As  far 
as  we  are  aware  it  is  the  first  recorded  o]3servation  of  such  a  result 
from  digitalis.  It  consisted  of  an  interruption  of  the  normal  rhythm 
by  premature  ectopic  auricular  contractions  (almost  isoelectric  in 
the  electrocardiogram)  without  ventricular  response.  Polygrams 
and  electrocardiograms  of  the  phenomenon  were  obtained  with  con- 
siderable difficulty  because  of  the  fact  that  the  irregularity  almost 
always  occurred  late  at  night,  apparently  when  the  influence  of  the 
vagus  was  greatest  and  tended  to  disappear  if  an  attempt  was  made 
to  obtain  graphic  records.  At  times  it  occurred  so  often  as  to  pro- 
duce a  bigeminy — two  normal  beats  followed  by  a  premature  auricu- 
lar contraction  during  and  after  which  there  was^  a  pause  in  the 
pulse.  This  irregularity  first  appeared  when  the  influence  of  digi- 
talis was  at  its  maximum,  as  shown  by  the  P-R  interval  (0.222  sec- 
ond) 1  day  after  stopping  digitalis.  It  occurred  off  and  on  for  the 
following  8  days  and  nights,  but  since  the  9th  day  after  stopping 
digitalis  (3  months  ago)  it  has  not  once  occurred.  The  subject  had 
never  had  premature  beats  so  far  as  known  prior  to  the  ingestion  of  the 
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626       EFFECT  OF  DIGITALIS  ON  HUMAN  ELECTROCARDIOGRAM 

drug.  For  these  reasons  and  because  of  the  fact  that  it  was  directly 
dependent  on  a  certain  degree  of  prolongation  of  the  P-R  interval 
(to  0.295-0.300  second)  the  arrhythmia  can  be  ascribed  to  digitalis. 
The  subjective  sensations  of  the  irregularity  were  interesting,  for  the 
pause  following  the  ectopic  auricular  beat  could  alwajrs  be  foretold 
by  the  feeling  of  the  premature  auricular  sjrstole  itself  consisting  of  a 
wave  of  fulness  rising  in  the  neck  and  throat.  The  association  of 
mechanical  activity  of  the  auricle  with  the  abnormal  deflection  in 
the  electrocardiogram  is  clearly  shown  in  the  jugular  tracing  (Fig. 
S  b)  taken  by  Dr.  0.  F.  Rogers,  Jr.  The  production  of  the  premature 
auricular  systole  by  a  mechanical  stimulus  from  the  contracting 
ventricle  would  at  present  best  explain  the  fact  that  the  R-P  interval 
is  much  shorter  than  the  P-R  interval  just  preceding  and  that  it 
varies  little  if  at  all  in  length. 

Amplitudes  of  Electrocardiographic  Deflections, 

T  Wave, — Cohn  and  Fraser^  reported  in  1913  their  observations 
that  the  T  wave  of  the  human  electrocardiogram  was  inverted  in 
many  of  their  patients  who  were  under  the  influence  of  digitalis. 
More  recently  Cohn,  Fraser,  and  Jamieson*  have  shown  that  digi- 
talis given  by  mouth  to  patients  began  to  cause  a  change  in  shape 
and  amplitude  of  the  T  wave  as  early  as  36  to  48  hours  after  the  ad- 
ministration of  the  drug  had  begun,  the  change  increasing  as  the 
digitalis  was  continued  and  persisting  for  from  5  to  22  days  after  the 
drug  had  been  stopped.  It  is  interesting  to  note  that  in  all  five  of 
our  entirely  normal  subjects,  as  a  result  of  digitalis  the  T  wave  was 
decreased  in  amplitude  in  every  lead.  There  seemed  to  be  no  direct 
connection  between  the  effects  of  digitalis  on  the  conduction  time 
and  on  the  T  wave  as  indicated  particularly  well  by  one  subject 
(Table  V),  who  suffered  no  defect  in  A-V  conduction  but  who  did 
show  a  considerable  decrease  in  the  amplitude  of  T  (Fig.  1).  We 
have  found  that  the  first  electrocardiographic  evidence  of  digitalis 
and,  for  that  matter,  the  first  evidence,  of  any  sort,  of  digitalis  action 
is  the  decrease  in  the  amplitude  of  the  T  deflection  in  the  case  of 
normal  individuals. 

*  Cohn,  A.  E.,  Fraser,  F.  R.,  and  Jamieson,  R.  A.,  Jour,  Exper,  Med.^  1915, 

xxi,  5Q3. 
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TABLE  VI, 
The  Effeci  of  Exercise  on  Normal  Electrocardiograms  of  Cases  1  and  2, 


Case  1. 


Case  2. 


Normal  (before  exercise) 
\  min.  after  exercise 

\      u         u  u 

2     **       «         « 

g      It  u  u 

Normal  (before  exercise) 
}-i  min.  after  exercise. 

1  ((  «  u 

1     "     "      "    . 

2        ti       u         ti 

5        "       "         " 
10        "       "         "      . 
30        "       "         "      . 


P-Q 
interval. 


0.150= 

0.117 

0.132 

0.144 

0.150 

0.153 

0.149 

0.156 


Heart 
rate. 


0.158 

75 

0.112 

178 

0.128 

160 

0.167 

111 

0.176 

95 

90 
155 
145 
135 
115 

99 
102 

86 


Effect  of  Exercise  and  Atropine  on  the  Digitalized  T  Deflection. 

The  mechanism  by  which  exercise  acts  on  the  heart  temporarily 
removed  the  traces  of  the  digitalis  action  on  the  T  wave  (Fig.  3), 
while  atropine,  0.002  gm.  subcutaneously,  actually  increased  the  digi- 
talis effect  on  this  deflection  (Fig.  3)  although  the  pulse  rate  was 
raised  about  equally  by  both  procedures.  Just  the  opposite  action  of 
these  two  tests  was  noted  on  the  digitalized  P-R  interval. 

Pj,  ^2,  -R«,  and  S2  Deflections. — ^These  showed  no  clear-cut  changes 
in  amplitude  as  the  result  of  the  digitalis  in  our  subjects. 

SUMMARY. 

Digitalis  was  given  by  mouth  to  five  normal  young  male  adults 
in  amoimts  ranging  from  2.0  to  3.0  gm.  of  standardized  leaves  in  the 
course  of  7  to  10  days.  The  As-Vs  interval  was  prolonged  in  four  of 
the  five  subjects,  the  greatest  prolongation  occurring  in  the  case  of 
the  subject  who  received  the  most  digitalis  and  none  at  all  in  one  who 
received  only  2.0  gm.  There  was  no  prolongation  to  so  great  an 
interval  as  0.2  second  imtil  2.7  gm.  had  been  taken.  The  effects 
of  the  digitalis  on  conduction  time  began  5  to  6  days  after  the  drug 
had  been  started  and  after  1.5  to  1.8  gm.  had  been  taken.    The 
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effects  persisted  for  1  to  2  weeks  after  the  drug  had  been  stopped. 
Atropine  removed  completely  the  effect  of  digitalis  on  A-V  conduction. 
The  slowing  heart  rate  after  exercise  was  accompanied  by  an  enhance- 
ment of  the  defect  in  conduction.  The  change  in  conduction  through 
digitalis  was  therefore  almost  entirely,  if  not  entirely,  due  to  in- 
crease of  vagal  tone  and  irritability. 

Digitalis  did  not  affect  to  an  appreciable  extent  the  Q-end  of  S 
and  the  Q-end  of  T  intervals.  Exercise  and  atropine  both  shortened 
the  ventricular  complex  Q-end  of  T  while  the  subject  was  under 
digitalis. 

The  amplitude  of  the  T  wave,  especially  in  Lead  II,  was  changed 
within  48  hours  after  digitalis  had  been  started,  a  decrease  then  be- 
ginning which  became  greater  as  the  drug  was  continued  and  which 
persisted  imtil  10  to  19  days  after  the  digitalis  had  been  stopped. 
The  change  in  the  T  deflection  preceded  by  several  days  the  change 
in  conduction  time.  The  T  wave,  therefore,  in  the  normal  subject  as 
well  as  in  the  patient  gives  us  the  earliest  indication  of  digitalis  action. 

The  amplitudes  of  P,  Q,  R,  and  S  were  not  materially  influenced  by 
the  amounts  of  digitalis  given. ' 

The  pulse  rate  in  two  subjects  became  lower  than  usual  at  night 
as  the  result  of  the  digitalis;  otherwise  there  was  no  evidence  of  vagal 
action  on  the  sino-auricular  node.  Blood  pressure  was  uninfluenced 
by  the  digitalis.  Mild  subjective  sensations  occurred  in  all  the 
subjects  during  the  administration  of  the  drug. 

A  curious,  hitherto  imdescribed,  digitalis  arrhythmia  consisting  of 
blocked  auricular  premature  beats  occurred  in  one  subject  after  3.0 
gm.  of  digitalis  had  been  taken. 

Supplementary  Note, — ^A  second  series  of  five  healthy  young  male 
adults  has  recently  (March,  1916)  been  studied  by  one  of  us  electro- 
cardiographically  during  a  course  of  digitalis  —2.6  to  3.3  gm.  Caesar 
and  Loretz  leaf  in  9  to  1 1  days.  (The  drug  was  weaker  than  that 
used  in  the  previous  investigation.)  Three  subjects  showed  slight 
prolongation  of  the  P-R  interval  but  no  bradycardia;  the  other  two 
subjects,  who  had  no  delay  in  A-V  conduction,  showed  a  marked 
total  bradycardia  after  the  digitalis  (heart  rate  of  43  in  each  in  the 
middle  of  the  forenoon) .     The  Tj  deflection  of  the  electrocardiogram 
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was  more  or  less  flattened  by  the  digitalis  in  all  five  subjects. 
Atropine  given  subcutaneously  at  the  height  of  the  digitalis  action 
depressed  the  T  wave  still  further  in  every  instance. 

EXPLANATION  OF  PLATES. 

In  all  figures  abscisss  equal  0.2  second  and  ordinates  equal  10"^  volts. 

Where  the  galvanometer  string  has  been  too  slack  or  too  tense,  the  error  is  seen 
in  the  control  deflection.  The  proper  correction  in  the  amplitude  has  been 
made.    Amplitudes  have  been  estimated  to  0.05  of  a  millivolt. 

Plate  91. 

FlG.  1.  Electrocardiograms  (Lead  II)  of  Case  5  (A),  Case  4  (B),  Case  3  (Q, 
and  Case  1  (D).  The  left  hand  column  contains  control  records;  right  hand 
column  contains  records  taken  during  full  effect  of  digitalis.  In  the  center  bdow 
is  a  record  of  Lead  11  of  Case  1  taken  1  day  after  digitalis  had  been  stopped 
and  showing  the  variation  in  the  length  of  the  P-R  interval. 

Plate  92. 

Fig.  2.  The  three  electrocardiographic  leads  of  Case  2  before  and  immedi- 
ately after  the  course  of  2.5  gm.  of  digitalis.  The  change  in  the  T  deflection  in 
each  lead  is  evident. 

Plate  93. 

Fig.  3.  Electrocardiograms  (Lead  11)  of  Case  4  (A),  Case  3  (B),  Case  2  (C) 
and  Case  1  (Z>)  after  atropine  (left  hand  colunm)  and  after  exercise  (right  hand 
column)  at  the  completion  of  digitalis.  In  the  center  below  is  the  record  of  Lead 
n  of  Case  5  after  atropine  at  the  completion  of  2.0  gm.  of  digitalis. 

Plate  94. 

FlG.  4.  Lead  n  of  Case  1  showing  blocked  auricular  premature  beats  fol- 
lowing gradual  prolongation  of  the  P-R  interval.  Electrocardiogram  taken  5 
days  after  the  completion  of  3.0  gm.  of  digitalis. 

F[G.  5.  Radial  pvlse  tracing  (a)  and  polygram  (Jb)  of  Case  1  taken  by  Dr. 
O.  F.  Rogers,  Jr.,  showing  arrhythmia  produced  by  the  auricular  premature 
beats  which  occurred  as  the  result  of  3.0  gm.  of  digitalis.  a\  evidence  in  jugu- 
lar pulse  of  blocked  auricular  premature  beat.    Time  interval,  0.2  second. 
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Preparation  of  the  Substances  Employed. 

One  of  us  has  recently  succeeded  in  isolating  the  growth-controlling 
principle  (tethelin,  from  r€^Xc;)s,  growing)  from  the  anterior  lobe 
of  the  pituitary  body.  The  methods  of  isolating  the  substance,  its 
chemical  properties  and  physiological  actions,  and  the  evidences  of 
its  identity  with  the  growth-controlling  principle  are  contained  in 
articles  which  have  been  published  elsewhere.^  Briefly  summarized, 
however,  the  method  of  isolating  the  substance  is  as  follows:  The 
anterior  lobes  of  ox  pituitaries  are  carefully  separated  from  the  pos- 
terior lobes  and  connecting  parts  and  stripped  of  their  connective 
tissue  capsules.  The  tissue  is  then  groiuid  up  in  a  mortar  with  three 
times  its  weight  of  a  mixture  of  equal  parts  by  weight  of  anhydrous 
sodiiun  and  calcium  sulphates.  The  mixture  is  then  dried  on  a  water 
bath  imtil  nearly  white,  returned  to  the  mortar,  and  thoroughly 
pulverized. 

The  pulverized  material  is  then  extracted  with  boiling  absolute 
alcohol  in  an  extraction  apparatus  (of  the  Bailey-Walker  type)  so 
constructed  as  to  carry  out  the  extraction  at  or  near  the  tempera- 
ture of  boiling  alcohol.  The  extraction  is  continued  for  48  hours. 
The  solution  thus  obtained  is  evaporated  imder  reduced  pressure 
until  solid  material  begins  to  separate  out  on  cooling.    To  this  con- 

1  Robertson,  T.  B.,  Jour,  Biol.  Chem.,  1916,  xxiv,  397,  409. 
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centrated  solution  is  added  one  and  one-half  times  its  volume  of  dry 
ether.  The  substance  is  thus  precipitated  and,  after  washing  in  large 
volumes  of  alcohol-ether  mixture  containing  alcohol  and  ether  in  the 
above  mentioned  proportions,  may  be  dried  over  sulphuric  add  at 
low  temperatures  and  pulverized  in  a  dry  atmosphere. 

The  properties  of  tethelin  may  be  summarized  as  follows:  It  is 
markedly  hygroscopic,  absorbing  water  rapidly  from  moist  air.  On 
standing  after  pulverization  in  contact  with  air  in  the  presence  of 
traces  of  moisture  it  darkens  perceptibly  in  color  and  its  iodine 
absorption  value  decreases.  This  decomposition  is  accelerated  by 
warming.  If  packed  in  evacuated  glass  tubes,  however,  and  perfectly 
dry,  it  may  be  heated  to  80° C.  without  any  perceptible  discoloration. 

Tethelin  is  soluble  in  water  to  the  extent  of  about  5  per  cent.  It 
is  also  soluble  in  alcohol,  ether,  chloroform,  and  carbon  tetrachlo- 
ride. It  is  insoluble  in  a  mixture  of  one  part  by  volimie  of  absolute 
alcohol  and  one  and  one-half  parts  by  volume  of  dry  ether.  It  con- 
tains 1.4  per  cent  of  phosphorus,  and  nitrogen  in  the  proportion  of 
four  atoms  of  nitrogen  for  every  atom  of  phosphorus,  two  of  the  atoms 
of  nitrogen  being  present  in  amino  groups  and  one  in  an  NH  group 
which  is  converted  into  an  amino  group  by  hydrolysis  with  barium 
hydroxide.  It  yields  imsaturated  fatty  add  soaps  of  barium  on 
hydrolysis  with  barium  hydroxide,  and  among  the  products  yielded 
by  hydrolysis  with  barium  hydroxide  followed  by  hydrolysis  with 
dilute  sulphiuic  add  is  foimd  I'-inosite  (hexahydroxybenzene) . 

Tethelin  probably  contains  an  imineazolyl  group,  and  to  this  extent 
may  be  regarded  as  being  related  to  the  physiologically  active  sub- 
stances of  the  posterior  lobe  of  the  pituitary  body.*  It  is  not,  how- 
ever, possessed  of  the  characteristic  physiological  activity  of  these 
substances,  relatively  large  doses  administered  intravenously  to  rab- 
bits (50  mg.  per  kilo  of  body  wdght)  producing  only  a  very  slight 
transient  fall  in  blood  pressure  and  no  diuresis. 

The  action  of  tethelin  upon  the  normal  growth  of  mice  is  identical 
with  the  action  of  the  whole  anterior  lobe.'    It  consists  in  a  marked 

«  Barger,  G.,  and  Dale,  H.  H.,  Jour,  PhysioL,  1910-11,  xli,  499.  Dale,  H.  H., 
and  Laidlaw,  P.  P.,  Jour.  PhysioL,  1911,  xliii,  182.  Aldrich,  T.  B.,  Jour,  Am, 
Chem.  Soc,,  1915,  zxxvii,  203. 

»  Robertson,  T.  B.,  Jour,  Biol.  Chem.,  1916,  xxiv,  385,  397. 
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retardation  of  the  early  (preadolescent)  growth  in  weight  (subsequent 
to  4  weeks  after  birth)  and  an  equally  marked  acceleration  of  post- 
adolescent  growth.  , 

In  a  previous  article^  we  have  shown  that  the  hypodermic  adminis- 
tration of  emulsified  tissue  of  the  anterior  lobe  of  the  pituitary  body 
to  rats,  either  directly  into  or  in  localities  remote  from  the  tumors, 
leads  to  a  remarkable  acceleration  of  the  growth  of  the  Flexner-Jobling 
carcinoma,  especially  during  the  period  of  growth  between  the  20th 
and  37th  days  succeeding  inoculation.  This  effect  is  specific,  since 
similar  administrations  of  liver  tissue,  during  the  same  period,  far 
from  causing  any  acceleration  of  the  growth  of  the  tumors,  actually 
resulted  in  a  sUght  but  definite  retardation  of  their  growth. 

In  view  of  these  results  it  appeared  of  importance  to  ascertain 
whether  tethelin  also  reproduces  the  effect  of  the  whole  anterior 
lobe  upon  the  growth  of  carcinomata,  and  to  that  end  the  investi- 
gations which  are  about  to  be  described  were  imdertaken.  At  the 
same  time  it  seemed  advisable  to  ascertain  whether  any  other  alcohol- 
soluble  extractive  of  the  anterior  lobe  of  the  pituitary  body  exerts 
any  action  upon  the  growth  of  carcinomata.  Three  such  fractions 
were  prepared  and  their  action  upon  the  growth  of  carcinomata  was 
investigated. 

Fraction  A. — ^Tethdin  was  removed  from  the  alcohol  extract  by  precipitation 
by  ether  as  described  above,  and  the  supernatant  fluid  was  syphoned  off  from  the 
precipitate  and  filtered.  The  ether  with  part  of  the  alcx>hol  was  then  distilled 
off  at  atmospheric  pressure  (without  exposure  to  the  air)  imtil  the  boiling  point 
of  the  mixture  reached  78^  C.  The  solution,  much  diminished  in  volume,  was 
now  cooled  by  standing  in  the  ice  chest  for  a  couple  of  days.  A  small  quantity 
of  material,  slightly  soluble  in  cold  alcohol  and  only  partially  soluble  in  ether,  was 
deposited.  This  was  washed  in  cold  alcohol  and  dried  over  sulphuric  acid.  This 
substance,  which  behaved  like  lecithin  in  foraiing  emulsions  with  water,  com- 
posed Fraction  A.  It  probably  consisted  in  great  part  of  a  mixture  of  phospho- 
lipins. 

Fraction  B. — ^The  solution  obtained  after  the  separation  of  Fraction  A  was 
evaporated  to  dryness  on  a  water  bath  in  a  vessel  provided  only  with  a  small 
exit  for  the  alcohol  vapor.  The  residue  was  taken  up  in  a  small  quantity  of 
ether,  in  which  it  was  completely  soluble,  and  several  volimies  of  acetone  were 
added  to  this  solution.    The  precipitate  was  collected  on  a  filter,  washed  with 

*  Robertson,  T.  B.,  and  Burnett,  T.  C,  Jour.  Exper,  Med,,  1915,  xxi,  280. 
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acetone  and  dried  over  sulphuric  acid.    This  formed  Fraction  B;  it  consisted, 
probably  entirely,  of  lecithins. 

Fraction  C — ^The  filtrate  from  the  above  was  evaporated  to  dryness  in  a  water 
bath  in  a  vessel  provided  only  with  a  small  exit  for  the  ether-acetone  vapor.  The 
residue,  a  dark  colored  substance,  gunmiy  when  cool  and  soft  and  viscous  when 
warmed,  was  dried  over  sulphuric  acid.  This  formed  Fraction  C.  It  probably 
consisted  largely  of  ordinary  fats  and  also  must  have  contained  all  the  cholesterol 
and  cholesterol  esters  originally  present  in  the  tissue.  On  triturating  with  water 
it  formed  an  unstable  emulsion. 

From  a  number  of  successive  batches  of  300  anterior  lobes,  each 
weighing  approximately  450  gm.  (fresh  tissue),  were  obtained  the 
following  approximate  yields  of  the  above  described  substances. 

Tethelin    2.6-3.0 

Fraction  A 0.3-0.8 

Fraction  B .4.0-6.0 

Fraction  C 4.0-6.0 

History  of  the  Tumors  Employed. 

We  propagated  the  Flexner-Jobling  carcinoma  by  inoculation  into 
the  axillary  region  through  five  generations.  The  percentage  of  takes 
was  high,  varying  between  60  and  90  per  cent.  Half  grown  or  adult 
animals  were  employed  to  propagate  the  tumors  and  also  in  the 
experiments  enimierated  below,  with  the  exception  of  a  small  number 
of  yoimger  animals  evenly  distributed  among  all  the  different  experi- 
mental groups.  As  stated  in  our  previous  commimication  referred 
to  above,  this  tumor,  non-metastasizing  when  supplied  to  us  by  Dr. 
Peyton  Rous,  yielded  metastases  in  the  first  generation  in  this  labo- 
ratory and  has  continued  to  do  so  in  succeeding  generations. 

Influence  of  Tethelin  upon  the  Growth  of  Carcinomata. 

73  white  rats  were  inoculated  in  the  axillary  region  with  peripheral  portions 
of  a  large  rapidly  growing  tumor  of  our  5th  generation  from  Rous's  21st  genera- 
tion. After  21  days  49  of  the  animals  (67  per  cent)  were  found  to  have  well 
developed  tumors.  These  were  divided  into  two  batches.  One,  consisting  of 
24  ^nimftk  was  retained  as  controls,  and  the  25  individuals  comprising  the  other 
received,  on  the  21st,  23rd,  25th,  28th,  30th,  and  32nd  days  after  inoculation, 
0.6  cc.  each  of  a  5  per  cent  solution  of  tethelin  in  ^  sodiimi  chloride,  to  which 
had  been  added  0.4  per  cent  of  tricresol.    The  tethelin  was  injected  h3rpodermi- 
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cally  on  the  side  remote  from  the  tumor.  The  dose  employed  (30  mg.)  corre- 
sponded  to  three  anterior  lobes,  estimating  the  tethelin  content  of  each  anterior 
lobe  to  be  10  mg.    No  iU  effects  were  observed  to  follow  the  administrations. 

The  tumors  were  measured  through  the  skm  in  two  diameters  at 
right  angles  to  each  other  on  the  dates  enumerated  below  (Table  I). 

The  mean  of  the  two  diameters  (usually  the  longest  and  shortest) 
was  recorded  as  the  average  diameter  of  any  given  tumor,  and  the 
average  of  these  estimates  was  regarded  as  the  average  diameter  of 
the  tumors  in  any  given  group  of  animals. 

The  average  diameter  of  the  tumors  in  the  control  animals  on  the 
21st  day  after  inoculation  was  12.4  mm.,  that  of  the  tumors  in  the 
am'mals  reserved  for  treatment  was  12.1  mm.  Calling  these  initial 
diameters  in  each  group  1(X),  and  referring  each  of  the  subsequent 
measurements  to  this  imit  of  comparison,  we  obtained  the  following 
results. 

TABLE  I. 


Days  after  inocttlation. 

Diameter  of  tumors  in  oontrob. 

Diameter  of  tumors  in  animals 
receiving  tethelin. 

21 

100.0 

100.0 

23 

105.6 

117.4 

25 

110.5 

126.4 

28 

122.6 

147.9 

30 

130.6 

156.2 

32 

143.5 

167.0 

35 

154.9 

176.0 

These  results  are  depicted  graphically  in  Text-fig.  1.  It  will  be 
seen  that  the  administration  of  tethelin  caused  marked  acceleration 
of  the  growth  of  the  primary  tumors,  their  linear  growth  between  the 
first  and  fifth  administration  being  from  two  to  three  times  as  rapid 
as  that  of  the  controls. 

On  the  63rd  day  all  the  surviving  animals  (23  of  each  group)  were 
killed  and  the  viscera  examined  for  metastases.  2,  or  9  per  cent, 
of  the  control  animals  were  foimd  to  have  developed  metastases, 
while  8,  or  35  per  cent,  of  the  treated  animals  had  developed  metas- 
tases.   The  administration  of  tethelin,  therefore,  markedly  enhances 
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the  tendency  of  the  tumor  to  form  metastases,  the  differing  result 
obtained  by  us  with  whole  anterior  lobe  administration^  being  prob- 
ably attributable  to  the  relatively  much  smaller  doses  (only  0.5  gm., 
one-third  of  an  anterior  lobe  in  each  dose)  employed  by  us  in  our 
previous  experiments. 
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Text-Fig.  1.  The  acceleration  of  the  growth  of  carcinomata  by  hypodemiic 
administrations  of  tethelin. 

The  Influence  of  Other  Alcohol-Soluble  Extractives  of  the  Anterior  Lobe 
of  the  Pituitary  Body  upon  the  Growth  of  Carcinomata. 

140  white  rats  were  inoculated  in  the  axillary  region  with  peripheral  portions  of 
a. large  tumor  taken  from  one  of  the  controls  in  the  preceding  experiments;  i.e., 
a  tumor  of  our  6th  generation  from  Rous's  21st  generation.  After  21  days  105 
of  the  animals  (75  per  cent)  were  found  to  have  well  developed  tmnors.  These 
were  divided  without  selection  into  four  batches.  One,  consisting  of  27  animals, 
was  retained  as  controls;  the  remaining  three  groups,  consisting  of  26  animals 
each,  were  treated  with  Fractions  A,  B,  and  C,  respectively,  on  the  21st,  23rd, 
25th,  28th,  30th,  and  32nd  days  after  inoculation.  In  each  case  the  substance 
was  administered  hypodermically  on  the  side  of  the  animal  remote  from  the  tumor. 
Watery  emulsions  in  ^  sodium  chloride  solution  containing  0.4  per  cent  of  tri- 
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cresol  were  employed.  The  emulsion  of  Fraction  A  contained  1.7  per  cent  of  the 
substance,  while  the  emulsions  of  Fractions  B  and  C  each  contained  5  per  cent  of 
these  substances.  The  dose  administered  was  in  each  case  0.6  cc.  of  the  emul- 
sion.   No  ill  effects  were  observed  to  follow  any  of  the  administrations. 

The  average  diameter  of  the  tumors  in  the  control  animals  on  the 
21st  day  after  inoculation  was  13.1  mm.  The  diameters  of  the  tumors 
in  the  animals  subsequently  treated  with  Fractions  A,  B,  and  C  were 
11.3,  13.4^  and  11.1  mm.,  respectively.  Calling  these  initial  diame- 
ters in  each  group  100,  and  referring  each  of  the  subsequent  measure- 
ments to  this  imit  of  comparison,  we  obtained  the  following  results. 

TABLE  n. 


Days  after 
inocolatioa. 

Diameter  of  tumon. 

Controb. 

Fraction  A. 

FhbctionB. 

Fraction  C. 

21 

100.0 

100.0 

100.0 

100.0 

23 

113.7 

108.8 

103.7 

105.4 

25 

119.1 

117.7 

115.7 

120.7 

28 

132.1 

133.6 

130.6 

136.9 

50 

147.3 

143.4 

132.8 

142.3 

32 

151.9 

153.1 

135.1 

144.1 

35 

156.5 

161.9 

139.6 

151.3 

These  results  are  depicted  graphically  in  Text-fig.  2.  It  will  be 
seen  that  neither  Fraction  A  nor  Fraction  C  exerted  any  significant 
action  upon  the  growth  of  the  tumors.  Fraction  B,  however,  caused 
a  marked  retardation  of  the  growth  of  the  primary  tumors.  It  will 
be  recollected  that  Fraction  B,  consisting  as  it  does  of  substances 
soluble  in  alcohol  and  in  ether,  and  precipitable  by  acetone,  is  com- 
posed almost  entirely  of  lecithin.  The  retardation  of  timior  growth 
following  its  administration  is  therefore  merely  confirmatory  of  our 
previous  finding^  that  administrations  of  lecithin  markedly  diminish 
the  rate  of  growth  of  the  Flexner-Jobling  carcinoma  in  rats.  The 
lecithin  employed  in  our  previous  experiments,  however,  was  pre- 
pared from  yolks  of  eggs  by  extracting  them  with  ether  and  adding 
acetone  to  this  extract.    It  therefore  probably  consisted  of  a  mixture 

*  Robertson,  T.  B.,  and  Burnett,  T.  C,  Jour.  Exper.  Med.,  1913,  xvii,  344. 
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of  approximately  equal  parts  of  lecithin  and  cephalin,*  while  the 
ledthin  employed  in  the  experiments  just  described,  owing  to  the 
manner  of  its  preparation  (extraction  of  the  tissue  with  alcohol) 
cannot  have  contained  any  admixture  of  cephalin.  Evidently,  there- 
fore, lecithin  itself  is  capable  of  causing  the  retardation  observed  in 
these  and  our  previous  experiments.    Whether  cephalin  is  capable  of 

ov£rt  ^iAfienn 

At  At  2>AYS 


^ 


any 


Text-Fig.  2.  The  effect  of  hypodermic  administrations  of  alcohol-soluble  ex- 
tractives from  the  anterior  lobe  of  the  pituitary  body  (other  than  tethelin)  upon 
the  growth  of  carcinomata.  Note  the  retardation  due  to  the  lecithin  fraction 
(Fraction  B). 

exerting  a  like  retardation  or  whether  it  only  acted  in  our  previous 
experiments  as  an  inert  diluent  of  the  lecithin  remains  to  be  ascer- 
tained at  some  future  date. 

In  our  previous  experiments,  moreover,  the  lecithin  was  admin- 
istered by  direct  injection  into  the  tumors.  In  the  present  experi- 
ments the  lecithin  was  injected  at  a  locaUty  remote  from  the  tumors. 

*  Stem,  M.,  and  Thierfelder,  H.,  Ztsckr,  /.  physioL  Chem,,  1907,  liii,  370. 
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Evidently  the  retarding  effect  of  lecithin  is  not  attributable  to  a 
purely  local  action. 

Since  Fraction  C  did  not  exert  an  accelerative  action  upon  the 
growth  of  the  tiunors,  its  cpntent  of  free  cholesterol  was  presumably 
small;'  no  analytical  determinations  have,  however,  been  made. 

On  the  49th  day  the  surviving  animals  (twenty-five  of  each  group) 
were  killed  and  the  viscera  examined  for  metastases.  The  control 
group  and  the  groups  treated  with  Fractions  A  and  B,  respectively, 
each  yielded  three  animals,  or  12  per  cent,  which  had  developed 
metastases.  The  group  treated  with  Fraction  C  yielded  five  ani- 
mals with  metastases,  or  20  per  cent.  It  is  possible  that  this  slightly 
enhanced  tendency  to  metastasize  may  have  been  attributable  to  the 
cholesterol  content  of  this  fraction. 

CONCLUSIONS. 

1.  The  hypodermic  administration  of  tethelin  increases  markedly 
the  rate  of  growth  of  the  primary  tumor  and  the  tendency  to  form 
metastases  in  rats  inoculated  with  carcinoma,  in  this,  as  in  other 
respects,  reproducing  the  action  of  the  whole  anterior  lobe  of  the 
pituitary  body. 

2.  Other  alcohol-soluble  extractives  of  the  anterior  lobe  of  the 
pituitary  body,  with  the  exception  of  the  lecithin  fraction,  exert  no 
appreciable  effect  upon  the  growth  of  cardnomata  in  rats. 

3.  The  lecithin  fraction,  as  in  previously  reported  experiments  in 
which  we  employed  lecithin  obtained  from  eggs,  causes  evident  re- 
tardation of  the  growth  of  cardnomata  in  rats. 

In  condusion  we  desire  to  express  our  indebtedness  to  Mr.  Ralston 
B.  Brown,  Superintendent  of  the  Oakland  Meat  and  Packing  Com- 
pany, to  whose  cooperation  we  owe  the  supply  of  pituitary  glands 
which  has  afforded  us  the  opportunity  of  carrying  out  these 
investigations. 
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The  effect  on  animals  of  intravenous  injections  of  magnesium  sul- 
phate was  investigated  by  us  from  a  general  experimental  point  of 
view  about  ten  years  ago.^  The  use  of  this  salt  for  practical  piu*- 
poses  of  anesthesia  in  human  beings  was  first  studied  by  Haubold  and 
Meltzer  by  the  intraspinal  method.'  About  two  years  ago  a  com- 
bination of  subminimal  doses  of  magnesium  sulphate  intramuscu-: 
larly  and  ether  by  intratracheal  insufBation  was  foimd  by  the  present 
writers*  to  be  effective  in  animals,  and  by  Peck  and  Meltzer  and 
also  Elsberg  and  Meltzer  in  human  beings.  The  use  of  magnesium 
sulphate  by  intravenous  injection  was  in  general  discouraged  by  one 
of  us.*  However,  a  series  of  experiments  made  by  the  present 
writers  with  intravenous  injection  of  magnesium  sulphate  in  cases  of 
experimental  tetanus,*^  and  the  meager  but  satisfactory  experience 
which  Kohn'  and  Straub'  had  with  the  emplojmient  of  this  method 
in  cases  of  tetanus  in  human  beings,  induced  us  to  take  up  the  ex- 
perimental study  in  animals  of  the  employment  of  magnesiimi  sul- 
phate by  intravenous  injection  for  the  purpose  of  producing  anesthe- 
sia.   This  was  done  as  a  preliminary  test  for  the  admissibility  of 

*  Meltzer,  S.  J.,  and  Auer,  J.,  Am,  Jour.  Physiol. j  1905-06,  xv,  387. 

*  Haubold,  H.  A.,  and  Meltzer,  S.  J.,  Jour.  Am.  Med.  Assn.,  1906,  xlvi,  647. 

*  Meltzer,  S.  J.,  and  Auer,  J.,  Proc.  Soc.  Exper.  Biol,  and  Med.,  1912-13,  x, 
159;  Zentralbl.f.  Physiol,  1913-14,  xxvii,  632. 

*  Meltzer,  S.  J.,  Berl.  klin.  Wchnschr.,  1915,  lii,  261. 

*  To  be  published  later. 

*  Kohn,  H.,  Berl.  klin.  Wchnschr.,  1915,  lii,  89. 

^  Straub,  W.,  MUnchen.  med.  Wchnschr.,  1915,  Ixii,  341. 
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studying  the  exclusive  use  of  intravenous  injections  of  magnesium 
sulphate  as  a  means  of  producing,  or  at  least  inducing,  anesthesia  in 
human  beings.  We  wish  to  record  a  few  abbreviated  protocols  of 
these  experiments. 

EXPERIBIENTAL. 

The  experiments  were  made  on  dogs.  The  left  external  jugular 
vein  was  exposed  imder  local  anesthesia  by  ethyl  chloride,  a  cannula 
introduced,  and  magnesium  sulphate  in  an  f  solution  injected  through 
the  cannula  from  a  burette.  The  reaction  of  the  animals  was  tested 
in  various  ways,  as  indicated  in  the  protocols.  When  the  respira- 
tion appeared  to  be  shallow,  pharyngeal  insufllation*  was  employed 
either  temporarily  or  throughout  the  entire  experiment.  In  some 
instances  intratracheal  insufflation  was  given,  especially  for  the  pur- 
piose  of  testing  the  possibility  of  introducing  the  intratracheal  tube 
without  using  any  other*  anesthetic  and  while  the  animal  was  still 
breatlung  spontaneously.  At  the  end  of  the  experiment  either  a 
small  quantity  of  a  calcium  chloride  or  sodium  sulphate  solution 
was  injected,  or  no  further  injection  was  given. 

Experiment  1. — ^Black  and  white  female  fox-terrier;  weight  4,600  gm. 

10.20.  On  electric  warming  pad  at  medium.  Clip  hair  of  neck;  used  ethyl 
chloride  as  local  anesthetic  for  exposing  and  inserting  cannula  in  external  jugular 
vein. 

10.45.  Rectal  temperature  38.8**C. 

10.50.  Start  infusion  of  f  magnesium  sulphate  into  jugular  vein. 

10.55.  Operation  completed. 

11.00.  5  cc.    Lid  reflex  prompt  and  strong. 

11.04.  14  cc.    Slightly  restless. 

11.05}.  Lid  reflex  prompt;  active  expiration,  of  good  strength. 

11.08.  20.5  cc.  Lid  reflex  prompt  and  strong.  Respiration  good,  fairly  rapid, 
active  expiration. 

11.11.  26  cc.    Respiration  fairly  rapid;  quiet;  lid  reflex  prompt  and  strong. 

11.13.  33  cc.  Respiration  slower,  with  active  expiration;  no  sound.  Heart 
slow. 

11.15.  Catheter  F.  19  inserted  into  trachea  with  ease;  start  air  insufflation. 

11.17.  40.5  cc.    Lid  reflex  slight. 

■Meltzer,  S.  J.,  Jour.  Am,  Med.  Assn.y  1913,  Ix,  1407;  Berl.  klin.  WcRnschr., 
1915,  lii,  425. 
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11.18.  Very  slight  inspiration,  slow  rate;  able  to  move  head  slightly. 
11.20.  44.5  cc.    Very  shallow  respiration  on  stopping  insufflation. 

11.22.  46.5  cc.    Lid  reflex  fair. 

11.23.  Occasionally  spontaneous^  fair  expirations  during  insufflation. 

11.24.  50  cc.  injected.  Stop.  Very  slight  spontaneous  shallow  respiration; 
slow  rate.    Lid  reflex  slight. 

11.25.  Injected  through  venous  cannula  15  cc.  ^  calcium  chloride  into  jugu- 
lar vein.  Respiration  began  promptly.  Injection  lasted  about  1  minute.  Su- 
ture wound  after  wiping  with  diluted  tincture  of  iodine.  Remove  catheter. 
Animal  trots  away  at  once,  slightly  unsteady  at  first;  wags  tail,  obeys  command. 

12.20.  Runs  about  with  ease. 

2  da3rs  later,  10  a.m.  Dog  lively  and  active,  jumps  about,  barks,  behaves  like 
a  normal  dog. 

Next  day.    Good  condition. 

The  intravenous  injection  of  an  f  solution  of  magnesium  sulphate 
was  given  at  a  slow  rate.  After  injecting  33  cc.  in  23  minutes  the 
intubation  for  intratracheal  insuflJation  was  performed  with  ease, 
while  usually  a  great  deal  of  ether  has  to  be  given  to  accomplish  this 
purpose.  A  total  of  50  cc.  of  magnesium  was  given  in  34  minutes. 
The  spontaneous  respiration  was  then  .very  shallow.  After  inject- 
ing IS  cc.  of  f  calcium  chloride  the  respiration  recovered  promptly 
and  the  animal  would  execute  satisfactory  voluntary  movements. 

Experiment  2. — ^Black  and  white  mongrel,  male;  weight  5,850  gm. 

Preliminary  preparations  as  in  Experiment  1. 

11.37.  Start  infusion  of  f  magnesium  sulphate  into  jugular  vein. 

11.41.  9  cc. 

11.44.  18  cc.    Moves  head,  Ud  reflex  strong.    Barks  sleepily. 
,    11.46.  22  cc.    Respiration   more  rapid,  shallower;  no  reaction  to  pricking 
skin  with  needle;  lid  reflex  strong. 

11.50.  36  cc.  Fair,  slow  respiration  with  active  expiration.  Lid  reflex  prompt. 
Occasional  slight  general  motions.    Heart  slowed. 

11.52.  39.5  cc.    Respiration  slow,  moves  head. 

11.55.  46  cc.    Very  slow  respiration,  lid  reflex  fair;  heart  slow. 

11.57.  50  cc.  Respiration  very  slight;  start  pharyngeal  insufflation.  Pulse 
improved. 

12.02.  54.5  cc.  Stop  insufflation  to  change  stomach  tube;  no  respiration 
seen. 

12.04.  55.5  cc.    Heart  24  to  \  minute,  small,  regular,  soft. 

12.06.  56.5  cc.  Breathes  spontaneously;  no  reaction  to  pricking  skin  with 
needle. 
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12.09.  61  cc.  Tracheal  catheter  inserted;  slow  spontaneous  respiration,  fair 
depth,  some  active  expiration;  lid  reflex  slight,  moves  head. 

12.12.  64  cc.    Legs  relaxed;  spontaneous  respiration  fair;  lid  reflex  slight. 

12.15.  Pulse  27  to  },  regular,  strong  (femoral);  fair  spontaneous  respiration. 
Stop  insufflation.  65.5  cc.  injected.  Respiration  gradually  improves  and  becomes 
good,  deep.    Respiration  moderately  slow;  start  air  again. 

12.16.  Excellent  respiration;  no  lid  or  corneal  reflex.    Tongue  pink. 

12.20.  Respiration  easy,  more  rapid;  no  lid  or  corneal  reflex.    70  cc.  injected. 

12.22.  Moves  head;  increase  magnesiimi  flow  slightly. 

12.23.  73  cc.  Respiration  slower,  but  good  depth.  Femoral  pulse  22  to  i, 
respiration  good  depth. 

12.27.  No  reaction  to  pricking  skin.    78.5  cc.    Stop  magnesium. 

12.28.  8  cc.  of  f  calcium  chloride  into  jugular  vein.  Respiration  greatly  im- 
proved and  more  rapid.  Wound  sutured.  Placed  on  floor,  holds  head  up;  front 
legs  spread,  do  not  support  body;  licks  jaws;  moves  tail  on  pressure.  "Pays  atten- 
tion to  call  and  wags  tail. 

12.35.  Able  to  walk  about;  tail  erect. 
2.10.  Walks  about  normally. 
Next  day.    Good  condition. 

The  first  SO  cc.  injected  in  20  minutes,  about  2.5  cc.  per  minute, 
nearly  completely  abolished  respiration.  Pharyngeal  insuflSation 
was  then  started  and  exerted  immediately  a  good  effect.  From  12.02 
to  12.06  only  2  cc.  were  injected,  equal  to  0.5  cc.  per  minute;  spon- 
taneous respiration  returned,  but  no  reaction  to  pricking,  and  intu- 
bation of  catheter  was  easily  executed.  Thereafter  the  rate  of  inflow 
was  kept  fairly  low.  Spontaneous  respiration  was  continually  present 
but  was  generally  slow.  There  was  no  lid  reflex  and  no  reaction  to 
pricking.  After  injecting  about  78  cc.  of  magnesium  in  50  minutes  a 
quantity  of  8  cc.  of  f  calcium  chloride  was  injected ;  respiration  im- 
proved at  once.     Voluntary  movements,  however,  returned  gradually. 

Experiment  3. — Male;  weight  7,500  gm. 

Was  fed  previous  to  experiment.    Preparation  as  in  previous  experiments. 

2.27.  Rectal  temperature  38.7°.    Femoral  pulse  33  to  J,  regular. 

2.33.  Start  7  magnesium  sulphate  into  jugular  vein. 

2.37.  7  cc.    Respiration  deeper;  swallows  occasionally. 

2.40.  Pulse  softer,  38  to  i,  regular;  respiration  more  rapid  with  strong  active 
expiration.     14  cc. 

2.41.  Vomited  yellowish  brown  fluid. 

2.43.  Vomited  large  amount  of  yellow  fluid  with  masses  of  meat. 

2.44.  22  cc.    Lid  reflex  prompt;  occasional  moderate  struggle. 
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2.48.  32  cc.    Moderate  barks.    Lid  reflex  strong. 

2.49.  38.5  cc.  Respiration  chiefly  expiratory.  Tracheal  catheter  inserted; 
animal  shows  resistance.  Catheter  F.  21;  constant  air  stream  with  remission. 
Lid  reflex  strong. 

2.54.  44  cc.    No  reaction  to  pricking  skin  with  needle. 

2.55.  45  cc.  Stop  insufflation;  practically  only  one  inspiration  and  a  number 
of  weak  abdominal  contractions  appeared  during  the  intermission.  Lid  reflex 
strong.  Able  to  move  head  moderately.  Occasionally  a  sharp  expiratory  move- 
ment of  abdomen.    Started  intratracheal  insufflation  again. 

3.06.  Remove  tracheal  catheter;  start  pharyngeal  insufflation,  tube  in  stomach. 
3.10.  57  cc.    Moves  head  vigorously;  femoral  pulse  regular,  soft. 
3.13.  59.5  cc.    Legs  limp.    Lid  reflex  good. 

3.22.  73  cc.    Open  abdomen,  rub  peritoneum  above  liver;  no  motions. 

3.23.  76  cc.    Lid  reflex  fair. 

3.26.  80  cc.  Stop  insufflation;  no  definite  respiration,  some  expiratory  con- 
tractions.   Start  insufflation.    Abdomen  closed. 

3.31.  80  cc.  No  definite  respiration  on  stopping  insufflation.  Good  lid 
reflex.    Pupils  wide. 

3.35.  90  cc.  Stop  magnesium.  Lid  reflex  fair.  Stop  air;  3  slight  respirations; 
start  insufflation. 

3.38.  Slight,  slow,  shallow  respiration  on  stopping  pluuyngeal  insufflation. 
Femoral  pulse  18  to  },  regular,  fair  tension. 

3.40.  10  cc.  of  f  caldum  chloride  into  jugular  vein.  Deep,  slow  respirations 
begin. 

3.43.  Pulse  29  to  },  regular,  strong  tension;  no  reaction  to  pricking  skin  with 
needle.  Lid  reflex  strong;  pupils  wide.  Neck  woimd  closed.  Placed  on  floor, 
attempts  to  get  up. 

3.44.  Gets  up  after  a  few  trials. 

3.55.  Lies  on  side;  no  response  to  pressure  on  toes;  wags  tail;  tolerates  probe 
in  nose  for  a  short  time.  When  placed  on  feet  walks  away  fairly  steadily,  then 
lies  down  again. 

4.25.  As  before;  no  response  to  pressure  on  legs;  lies  on  side  usually.  Raises 
head  on  call;  walks  when  placed  on  feet.  Lid  reflex  prompt;  drinks  some  water. 
Killed  later  by  chloroform. 

This  animal  was  fed  about  3  hours  before  the  experiment  was 
started.  After  14  cc.  of  the  magnesium  solution  were  injected  (in  7 
minutes)  the  animal  vomited.  This  indicates  the  central  action  of 
magnesium  sulphate.  After  45  cc.  were  injected  (in  22  minutes) 
there  was  practically  no  spontaneous  respiration,  although  the  lid 
reflex  was  strong  and  the  am'mal  was  able  to  move  its  head.  The 
failure  of  the  respiration  in  this  case  was  undoubtedly  due  to  the  in- 
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hibitory  action  of  the  magnesium  sulphate  upon  the  respiratory 
center,  and  not  to  a  paralysis  of  the  motor  nerve  endings  of  the  re- 
spiratory muscles,  which,  as  a  rule,  remain  excitable  longer  than  the 
other  skeletal  muscles.  After  80  cc.  of  the  magnesium  solution  (in 
58  minutes)  the  abdomen  was  opened  and  the  sensitive  parts  of  the 
parietal  peritoneum  were  rubbed  without  eliciting  any  reaction,  al- 
though the  Ud  reflex  was  still  good.  This  animal  received  90  cc.  of 
the  magnesium  solution  in  62  minutes.  3  minutes  after  stopping  the 
injection  the  animal  had  only  slow  and  shallow  respirations.  The  in- 
jection of  10  cc.  of  I  calcium  chloride  deepened  the  respirations;  it 
exerted  also,  fairly  promptly,  a  favorable  effect  upon  the  general 
motility  of  the  animal.  But  the  return  of  reactions  to  a  probe 
inserted  into  the  nose  and  to  other  sensory  stimuli  was  slow. 

Experiment  4, — ^Wolf  hound,  female;  weight  6,700  gm. 
Preliminary  preparations  same  as  in  Experiment  1. 

2.42.  Start  ^  magnesium  sulphate  into  jugular  vein. 

2.43.  3cc. 

2.46.  10.5  cc.  Lid  reflex  prompt,  sustained.  Respiration  faster;  pulse  fuller, 
faster,  33  to  }.    Respiratory  irregularity  of  pulse  rhsrthm  practically  gone. 

2.48.  16.5  cc.    Respiration  18  to  i,  fair  depth,  slight  active  expiration. 

2.50.  22  cc.    Lid  reflex  prompt,  but  no  longer  sustained  closure. 

2.52.  28  cc.  Respiration  good,  14  to  i;  femoral  pulse  30  to  i,  good  volume 
and  tension;  no  irregularity. 

2.55.  36  cc.    Respiration  slower;  pain  sensation  of  skin  abolished. 

2.56.  39  cc.  Respiration  slower,  but  good  depth;  pulse  irregular.  Start  pha- 
r3mgeal  insufflation.    Stomach  tube. 

2.58.  46  cc.    Lid  reflex  prompt  but  slight.    Pupils  wide. 

3.00.  47  cc.    Open  abdomen  and  rub  diaphragm;  no  motion  of  any  kind. 

3.02.  Stop  insufflation;  very  slight  shallow  respiration;  start  air;  lid  reflex  a 
slight  fflck.  Pulse  36  to  i,  regular,  small  voliune  and  tension.  Rub  peritoneum; 
no  sign  of  movement;  legs  limp. 

3.07.  51  cc.  Lid  reflex  slightly  better;  rubbing  peritoneum  causes  no  motion 
of  any  kind.    No  knee  jerk. 

3.08^  52.5  cc.  Stop  insufflation;  16  very  slight  respirations  per  }.  Rub 
diaphragm  and  parietal  peritoneum:  no  motion.  Legs  limp.  Lid  reflex  fairly 
sustained  now  (closure). 

3.15.  56.5  cc.    Femoral  pulse  32  to  i,  regular,  small,  and  soft. 

3.17.  57  cc.  Stop  air;  no  respiration  in  35  seconds.  Start  air.  Lid  reflex 
slight;  pupils  moderately  contracted. 

3.21.  58.5  cc.  Rub  peritoneum  and  diaphragm;  slight  motion  of  leg,  but  no 
other  perceptible  movement.    Spontaneous  respiration  noticeable  during  insuffla- 
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tion.    Stop  air;  24  shallow  respirations  per  }.     Start  air.    Pulse  32  to  i,  fair 
volume  and  better  tension  now.    Lid  reflex  prompt  but  weak. 

3.25.  59.5  cc. 

3.26.  Moves  leg  slightly. 

3.29.  61  cc.  On  rubbing  peritoneum  and  diaphragm  no  motion,  but  later 
made  vigorous  movements  with  head  and  leg.  (No  apparent  relation  to  stim- 
ulus; rubbing  repeated;  no  motion.) 

3.31.  Some  strong  movements  of  head  and  legs.  Lid  reflex  flick,  not  sustained. 
Stop  air.  Respiration  spontaneous,  15  to  },  good  depth.  Stop  insufflation 
entirely. 

3.33.  63  cc.  of  magnesium.  Stop.  Excellent  respiration.  Suture  abdominal 
wound.  Ligate  jugular  vein  and  suture  wouiid  in  neck.  No  calcium  chloride 
given. 

3.36.  Placed  on  floor;  attempts  to  walk;  hind  legs  spread;  raises  head  and  looks 
about. 

3.43.  Lying  on  side;  placed  on  legs;  walks  about;  lies  down  again  shortly. 
Withdraws  legs  fairly  promptly  when  pressed;  walks  away  when  tail  is  pressed; 
no  sign  of  pain. 

4.00.  Walks  about.  Rectal  temperature  36.4°;  pulls  away  leg  when  toes  are 
pressed. 

4.38.  EJlled  by  chloroform. 

During  the  first  period  of  the  experiment  (about  18  minutes)  the 
inflow  of  the  magnesium  solution  occurred  at  a  rate  of  about  2.9  cc. 
per  minute.  After  the  injection  of  36  cc.  (in  13  minutes)  skin  sen- 
sibility was  abolished;  the  respiration,  though  slower,  was  good  and 
there  was  even  an  occasional  struggle.  The  pharyngeal  insufflation 
was  started  before  there  was  any  necessity  for  it.  After  the  in- 
jection of  47  cc.  (in  18  minutes)  the  abdomen  was  opened  and 
the  peritoneum  rubbed  without  any  reaction.  About  this  time,  how- 
ever, the  spontaneous  respiration  was  shallow,  lid  reflex  slight,  and  the 
legs  were  limp.  In  the  following  half  hour  the  rate  of  injection  was 
considerably  reduced — about  16  cc.  in  33  minutes.  The  loss  of  sen- 
sibility lasted  for  about  half  an  hour  longer.  The  spontaneous 
respiration  returned  perceptibly  sooner.  Altogether  63  cc.  of  mag- 
nesium sulphate  were  injected  in  about  51  minutes.  Then,  when  the 
magnesium  sulphate  injection  was  stopped  and  the  insufflation  dis- 
continued, the  spontaneous  respiration  immediately  appeared  to  be 
excellent.  No  calcium  chloride  was  given.  After  placing  the  animal 
on  the  floor,  motility  and  sensibility  returned  fairly  soon.    The  quan- 
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tity  of  magnesium  given  in  this  experiment  was  not  large  and  the  rate 
of  injection  slowed  down  considerably  during  the  latter  part  of  the 
experiment.  The  recovery  here  was  prompt  and  without  the  aid  of 
caldiun  chloride. 

Experiment  5. — ^BuII  terrier,  female;  weight  7,600  gm. 

Preparation  the  same  as  in  previous  experiments. 

Rectal  temperature  40.2^.  Femoral  pulse  30  to  i,  small,  regular,  good  ten- 
sion.   Respiration  slow,  12  to  i,  with  active  expiration. 

10.58.  Start  f  magnesium  sulphate  into  jugular  vein. 

11.04.  17  cc.  Lid  reflex  prompt  but  not  sustained;  pupils  wide.  Respiration 
less  deep,  slow.    Swallows  occasionally. 

11.06.  25  cc.    14  respirations  to  i,  good  depth,  moderate  active  expiration. 

11.07.  29  cc.    Lid  reflex  prompt  and  sustained.    Quiet. 

11.08.  35  cc.  Pulse  small,  fairly  soft,  38  to  i,  regular.  Respiration  good 
depth. 

11.10.  43  cc.  Respiration  slow,  less  deep  but  still  good,  7  to  i.  Slow  mag- 
nesium inflow. 

11.13.  50  cc.    Respiration  improved. 

11.15.  53  cc.    Magnesimn  inflow  slowed.    Lid  reflex  fairly  prompt. 

11.18.  56  cc.  Open  abdomen;  rub  peritoneum  and  diaphragm;  no  motion  of 
any  kind.    Respiration  good,  more  rapid  than  before. 

11.20.  58.5  cc.  Lid  reflex  slight;  respiration  rapid,  36  to  i,  next  count  28  to 
i;  legs  relaxed.  Expose  left  sciatic  nerve;  no  motion  at  first,  later  moderate 
general  movements. 

11.25.  71  cc.    Respiration  excellent. 

11.29.  86  cc.  Respiration  much  shallower  and  slower.  Start  pharyngeal 
insufflation. 

11.32.  98  cc.    No  lid  reflex. 

11.34.  102  cc.    No  definite  respiration. 

11.37.  104.5  cc.  Stimulated  left  intact  sciatic  with  Petzold  inductorium.  At 
coil  distances  of  200  and  120  nmi.  no  reaction  elicited.  At  80  mm.  respirations 
appeared  during  stimulation;  left  toes  moved  slightly;  also  weak  general  motions 
and  movements  of  tail.    Rub  peritoneum  and  diaphragm;  no  response. 

11.42.  107  cc.  Stop  pharyngeal  insufflation;  slight  spontaneous  respiration 
present;  start  pharyngeal  insufflation;  increase  magnesium  flow  slightly.  Limp. 
No  lid  reflex;  pupils  very  wide. 

11.47.  Abdomen  and  thigh  wound  sutured.    116  cc.    No  lid  reflex. 

11.49.  117  cc.  Stop  magnesiiun.  Spontaneous  respiration  very  slight;  pha- 
r3mgeal  insufflation  necessary. 

11.50.  60  cc.  f  sodium  sulphate  into  jugular  vein.  Respiration  improved 
promptly.    Stop  pharyngeal  insufl^tion. 

11.53.  Pulse  good.    Suture  neck  woimd,  lid  reflex  slight. 
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11.56.  Placed  on  floor,  holds  head  up  for  short  time,  then  rests  it  on  floor; 
cannot  stand.    Wags  tail  when  called. 

12.01.  Pressure  on  tail  and  toes;  moves  head  towards  tail,  draws  away  foot. 

12.05.  Lid  reflex  very  sHght,  pupils  wide.  Able  to  get  up  but  prefers  to  squat 
or  lie  down. 

1.55.  Walks  about  readily,  keeping  left  hind  leg  lifted  (Jieft  sciatic  nerve  had 
been  exposed),  no  staggering;  lid  reflex  prompt  and  sustained.  Pupils  well  con- 
tracted.   Urinated  large  amount;  first  time  since  injection. 

4.45.  Walks  about  easily  when  placed  on  feet  (staid  in  one  place  since  last 
note) ;  no  more  urine  passed.    Killed  by  chloroform. 

This  dog  had  from  the  start  a  slow  respiration  although  its  tem- 
perature was  higher  than  normal.  During  the  first  10  minutes  of 
the  magnesium  infusion  3.5  cc.  per  minute  were  injected,  more  than 
in  any  of  the  animals  in  previous  experiments.  There  were  no 
struggles.  After  injecting  56  cc.  the  abdomen  was  opened  and  the 
parietal  peritoneum  rubbed  without  any  reaction,  while  the  respira- 
tion was  good  and  even  more  rapid  than  before.  After  102  cc.  no 
definite  respirations  were  present,  and  after  104  cc.  the  motor  nerve 
endings  were  affected.  The  inflow  was  then  reduced — only  13  cc.  in 
12  minutes.  Altogether  117  cc.  were  injected  in  51  minutes.  There 
was  practically  no  spontaneous  respiration  when  the  infusion  of  the 
magnesium  solution  was  discontinued.  However,  the  respiration  im- 
proved within  1  minute  after  the  injection  of  60  cc.  of  I  sodium 
sulphate.  The  general  motor  and  sensory  depression  seemed  also 
favorably  affected  by  this  injection. 

ExperimerU  6. — ^Black  male;  weight  7,500  gm. 

Preliminary  preparation  as  in  Experiment  1. 

3.13.  Start  f  magnesium  sulphate  into  jugular  vein. 

3.17.  12  cc.  Respiration  8  to  }.  Good  depth.  Femoral  pulse  29  to  i,  regu- 
lar, good  volume  and  tension. 

3.18.  15  cc.  Lid  reflex  prompt  and  strong,  pupil  moderately  dilated.  Dog 
quiet. 

3.20.  25  cc.  Good  respiration,  12  to  i,  active  expiration  stronger.  Femoral 
pulse  32  to  },  regular,  good  tension.    Barks. 

3.22.  31  cc.    Lid  reflex  prompt  and  sustained;  pupils  wider. 

3.23.  34.5  cc.  Pain  abolished;  opening  of  peritoneum;  respiration  easy,  good 
depth  and  frequency.    Abdomen  relaxed. 

3.25.  46  cc.    Rub  peritoneiun  and  diaphragm;  no  movement.    Lid  reflex 
prompt  and  sustained;  respiration  slow,  good  depth,  11  to  i. 
3.27.  50  cc.    Blood  bright  red.    Slow  magnesium  inflow. 
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3.28.  51  cc.    Rub  peritoneum  of  diaphragm;  no  movement.    Lid  reflex  weak. 

3.30.  Pulse  30  to  J,  regular,  good  volume  and  tension. 

3.31.  53.5  cc.    Slight  knee  jerk. 

3.32.  55  cc.  Moved  legs;  respiration  faster  and  deeper.  Rub  peritoneum  and 
diaphragm;  no  immediate  effect,  after  a  few  seconds  rapid  respiration  with  moder- 
ate strength.    Increase  magnesium  inflow. 

3.34.  61  cc.    Lid  reflex  a  mere  flick;  rapid  respiration  with  active  expirations 
in  short  group,  then  easy  respirations  without  active  expirations. 
3.39.  Respiration  slow,  good  depth  with  active  expiration. 
3.42.  85  cc.    Blood  a  little  darker;  respiration  shallower. 

3.44.  Start  pharyngeal  insufflation. 

3.46.  Pulse  20  to  i,  fair  volume  and  tension,  regular.  No  lid  reflex.  Rub 
peritoneimi  and  diaphragm;  no  movement.    Legs  limp;  no  knee  jerk. 

3.52.  No  spontaneous  respiration  on  stopping  insufflation. 

3.55.  Pupils  well  dilated  but  not  maximal;  no  lid  reflex.  103  cc.  Pulse  small, 
25  to  i. 

4.00.  104.5  cc.    No  lid  reflex.    Rub  peritoneum;  no  movement;  no  knee  jerk. 

4.05.  No  spontaneous  respiration  on  stopping  insufflation;  pulse  weak.  Start 
insufflation  again. 

4.07.  No  movement  on  rubbing  peritoneum  and  diaphragm.  106  cc.  Stop 
magnesium.    No  lid  reflex.    Injected  60  cc.  f  sodimn  sulphate  into  jugular  vein. 

4.10.  Femoral  pulse  25  to  },  small,  regular,  better  tension.  Rubbing  peri- 
toneum and  diaphragm;  no  movement. 

4.11.  Stop  insufflation;  slow  respiration,  getting  deeper;  start  insufllation  again. 
No  lid  reflex;  pupil  wide. 

4.13.  Rub  peritoneum;  no  movement.    Legs  limp;  no  knee  jerk. 

4.17.  Suture  abdomen  and  neck  woimd  and  stop  insufflation.  Pulse  27  to  }, 
regular,  good  volume  and  tension;  4  respirations  to  i,  good  and  deep,  no  active 
expiration;  no  lid  reflex,  pupils  wide;  36.4^.  Placed  on  floor;  cannot  stand,  lies 
on  side.    Pain  sensation  fair;  looks  about  and  wags  tail. 

4.25.  No  lid  or  corneal  reflex;  wags  tail  when  called;  feeble  knee  jerk;  on 
moderate  pressure  of  toe  pads,  no  movement.  When  lifted  and  placed  on  floor 
front  legs  bear  body  weight,  but  not  the  hind  legs.    Pupils  widely  dilated. 

4.30.  Respiration  easy,  good  depth,  14  to  i,  no  active  expiration.  Femoral 
pulse  29  to  i,  regular,  good  volume  and  tension.  Lies  on  side,  wags  tail.  Very 
slight  lid  reflex. 

4.45.  Sits  up  on  haunches,  but  does  not  walk  about;  lid  reflex  fairly  good. 
Passed  small  amount  of  urine. 

5.00.  Walks  about,  no  weakness;  lid  reflex  prompt  and  sustained;  pupils 
still  wide.    Killed  with  chloroform. 

This  strong  dog  received  in  the  first  10  minutes  about  35  cc.  of  the 
magnesium  solution.    There  was  very  little  excitation,  and  at  the 
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end  of  this  period  the  skin  of  the  abdomen  could  be  incised  to  the 
peritoneum  without  any  reaction.  In  the  following  2  minutes  11  cc. 
were  infused,  and  the  sensitive  parts  of  the  parietal  peritoneum  were 
energetically  rubbed  without  producing  any  reaction,  while  respi- 
ration was  still  good  and  the  lid  reflex  prompt  and  sustained.  The 
rate  of  injection  was  now  reduced,  and  the  spontaneous  respiration 
kept  up  eflSdently  for  some  time.  After  19  minutes  during  which 
time  about  44  cc.  were  injected  (a  little  less  than  2.5  cc.  per  minute) 
pharyngeal  insufflation  was  started.  In  the  next  23  minutes  only 
about  16  cc.  were  injected  (about  0.7  cc.  per  minute).  During  tins 
period  there  were  no  spontaneous  respiration,  no  lid  reflex,  no 
knee  jerk,  and  the  legs  were  limp;  finally  the  pulse  became  weaker. 
Altogether  106  cc.  of  the  magnesium  solution  were  injected  in  54 
minutes.  At  the  end  of  the  magnesimn  injection  no  caldimi  chloride 
was  given,  but,  as  in  the  previous  experiment,  60  cc.  of  sodium  sul- 
phate in  Y  solution  were  injected  intravenously.  The  effect  of  the 
injection  in  this  experiment,  however,  was  in  no  way  striking.  The 
respiration  did  not  improve  at  once  and  the  insufflation  had  to  be 
continued  for  about  10  minutes  longer.  The  fact  should  be  borne 
in  mind  that  in  this  experiment  the  rate  of  injection  of  the  magnesium 
sulphate  during  the  first  half  of  the  infusion  period  was  considerably 
greater  than  in  any  of  the  other  experiments. 

In  addition  to  the  foregoing  experiments  we  wish  to  record  briefly 
the  exceptional  course  of  one  of  the  experiments.  This  dog  had  an 
irregular  heart  beat  and  its  extremities  were  rigid  before  the  experi- 
ment was  begim.  There  was  no  spontaneous  respiration  after  in- 
jecting 44  cc.  of  magnesimn  solution  (in  14  minutes),  while  the 
peritoneum  remained  sensitive  and  the  lid  reflex  active  during  most 
of  the  injection  period.  The  animal  received  72  cc.  in  57  minutes. 
The  pulse  was  small  and  often  weak  during  the  last  half  hour.  At  the 
end  of  the  magnesium  injection  10  cc.  of  |  calcium  chloride  were 
injected  without  restoring  the  spontaneous  respirations.  A  few  min- 
utes later  5  cc.  more  of  the  calcium  chloride  brought  on  some  weak 
respirations,  but  the  heart  stopped  soon  after  and  the  animal  died. 

Here  was  a  case  in  which  calciiun  did  not  restore  the  respiration 
which  had  been  abolished  by  magnesium;  on  the  contrary,  it  was  per7 
haps  instrumental  in  accelerating  cardiac  death. 
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SUMMARY   AND  CONCLUSIONS. 

These  experiments  justify  the  following  general  conclusions. 

By  the  intravenous  injection  of  f  magnesium  sulphate  into  dogs  at 
a  certain  rate,  a  stage  can  be  reached  where  the  abdominal  walls  are 
completely  relaxed  and  when  section  of  the  abdomen  and  stimula- 
tion of  sensitive  parts  of  the  parietal  peritoneum  do  not  produce 
pain  or  elicit  any  reaction  of  the  animal.  At  the  same  time  spon- 
taneous respiration  may  still  be  maintained  within  normal  limits  and 
the  lid  reflex  be  fair  or  even  normal.  In  this  stage  intratracheal  in- 
tubation for  artificial  respiration  can  be  easily  accomplished.  This 
stage  may  be  attained  in  12  to  14  minutes  when  the  rate  of  injection 
is  about  3  cc.  per  minute.  When  this  stage  is  once  attained  the  rate 
of  injection  should  gradually  be  reduced,  otherwise,  sooner  or  later, 
^oritaneous  respiration  will  be  abolished,  and  by  a  fxirther  mainte- 
nance of  the  rate  of  injection  all  the  skeletal  muscles  may  become 
paralyzed. 

When  the  injection  of  magnesium  is  continued  for  a  longer  period, 
the  paralytic  effects  of  the  magnesiimi  injection  will  set  in,  even  when 
administered  at  a  slow  rate. 

The  paralysis  of  the  respiratory  function  is  readily  met  by  intra- 
pharyngeal  insuflSation,  which  is  easily  executed  even  without  train- 
ing m  this  procedure,  or  by  the  method  of  intratracheal  insuflSation, 
if  executed  by  one  traiued  in  its  management. 

When  the  respiration  of  the  animal  is  accomplished  by  insuflOlation, 
the  paralytic  effect  of  the  magnesiimi  may  be  abolished  fairly  rapidly 
by  an  intravenous  injection  of  about  10  cc.  of  an  f  caldum  chloride 
solution;  or  it  may  disappear  slowly,  after  the  infusion  of  the  mag- 
nesium solution  is  discontinued  for  some  time.  The  latter  mode  of 
disappearance  may  be  favorably  accelerated  by  an  intravenous 
infusion  of  60  to  100  cc.  of  an  |  solution  of  sodium  sulphate. 

The  production  of  anesthesia  by  iutravenous  injection  of  magnesium 
sulphate  should  not  be  imdertaken  unless  an  apparatus  for  intra- 
pharyngeal  insufflation  is  at  hand,  because  in  exceptional  cases  the 
disappearance  of  spontaneous  respiration  may  be  one  of  the  earliest 
consequences  of  the  magnesium  injection. 
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The  injection  of  calcium  chloride  should  not  be  employed  in  cases 
in  which  the  subject  shows  cardiac  insufficiency.  In  such  instances, 
moreover,  injections  of  magnesium  should  not  be  used  for  the  pur- 
pose of  anesthesia;  at  least  not  until  greater  experience  has  been 
acquired  in  the  emplo}anent  of  this  method. 
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INTRODUCTION 

On  the  basis  of  the  hypothesis  that  magnesium  favors  inhibition 
of  the  various  functions  of  the  nervous  sjrstem,  Meltzer  and  Auer 
studied  extensively  in  this  laboratory  the  action  of  magnesium  salts 
upon  various  animals.  In  injecting  magnesium  sulphate  subcu- 
taneously,^  they  foimd  that  a  certain  dose,  which  varies  with  the 
species  of  animals,  is  capable  of  producing  profoimd  anesthesia  and 
paralysis  from  which  the  animal  recovers.  For  rabbits  this  dose 
amounts  to  about  1.5  gm.  of  magnesiiun  sulphate  (MgSOi  +  7  HsO) 
administered  in  a  molecular  solution.  Larger  doses  cause  the  death 
of  the  animal,  as  a  rule,  by  respiratory  paralysis.  With  an  effective 
but  non-fatal  dose  in  subcutaneous  injections  the  development  of 
the  depressing,  inhibitory  effect  is  gradual  and  fairly  slow.  When 
the  maximum  is  reached,  the  turn  for  the  recovery  sets  in  soon;  there 
is  practically  no  real  plateau  to  the  inhibitory  curve.  The  descending 
limb  of  this  curve — the  recovery — is  steeper  than  the  ascending  one. 
When  a  magnesium  salt  is  injected  intramuscularly,  the  inhibitory 
as  well  as  the  fatal  effects  set  in  more  promptly  and  with  smaller 
doses. 

In  the  course  of  their  studies,  Meltzer  and  Auer'  foimd  that  calcium, 
which  is  chemically  closely  related  to  magnesium,  is  biologically  appar- 

*  Meltzer,  S.  J.,  and  Auer,  J.,  Am.  Jour.  Physiol.^  1905,  xiv,  366. 
'  Meltzer,  S.  J.,  and  Auer,  J.,  Am.  Jour.  Physiol.^  1908,  xxi,  400. 
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ently  the  antagonist  of  the  latter.  When  calcium  is  injected  intra- 
venously, shortly  before  or  immediately  after  the  respiration  stops, 
into  an  animal  which  has  received  a  fatal  dose  of  magnesium,  the 
animal  will  recover  in  less  than  a  minute,  provided,  of  course,  that 
the  circulation  is  still  effective  during  the  calcium  injection.  This 
biological  antagonism  is  a  remarkable  fact  and  can  be  made  the  basis 
of  many  problems  worth  investigating.  So  far,  at  least,  it  is  not 
known  that  between  calcium  and  magnesiimi  salts  which  have  the 
same  anion  a  chemical  antagonism  exists;  no  precipitation,  for  in- 
stance, occurs  in  vitro  when  a  solution  of  magnesium  chloride  is  mixed 
with  a  solution  of  calcium  chloride.  Calcium  chloride  is  nevertheless 
strikingly  antagonistic  to  magnesium  chloride  as  far  as  the  life  of 
animals  and  plants  is  concerned. 

What  effect  would  the  deprivation  of  the  animal  body  of  some  of 
its  calcium  have  upon  the  behavior  of  the  animal?  There  are  a 
number  of  acids  and  salts  which  precipitate  calcium  compoimds  in 
vUro.  Will  the  administration  of  these  caldum-precipitating  com- 
pounds, let  us  say  oxalic  add  or  oxalates  in  general,  bring  out  symp- 
toms indicating  an  increase  of  magnesium  action?  By  predpitating 
caldum  within  the  body  a  certain  amount  of  unantagonized  magne- 
sium would  be  set  free.  Would  this  fact  become  manifest  by  the 
appearance  of  inhibitory  and  paralytic  phenomena?  The  symptoms 
of  oxalate  poisoning  do  not  speak  for  it;  in  general  they  possess 
rather  the  opposite  character:  exdtation,  tremor,  and  convulsions. 
But  the  amount  of  magnesium  thus  set  free  and  the  inhibition  which 
it  may  be  capable  of  exerting,  might  under  these  circumstances  be 
too  small  to  play  a  perceptible  part,  in  the  presence  of  the  violent 
opposite  symptoms  which  are  brought  out  by  another  exdting  factor 
of  the  oxalate.  Could,  however,  the  depressing  component  of  the 
caldum-precipitating  oxalate  be  brought  out  by  a  simultaneous 
administration  of  a  subminimal  dose  of  a  magnesiiun  salt?  This 
was  the  problem  which  we  tried  to  solve  experimentally. 

While  we  were  at  work  on  this  problem,  Schiitz*  published  a  brief 
preliminary  communication  in  which  he  says  that  the  susceptibility 
to  magnesium  injections  could  be  increased  occasionally,  but  not 

»  Schutz,  J.,  Wien.  klin,  Wchnschr.,  1913,  xxvi,  745. 


F.  L.  GATES  AND  S.  J.  MELT^ER  657 

constantly  by  sodium  oxalate.  A  few  months  later  Starkenstein/ 
with  whose  work  we  were  not  familiar  until  after  we  had  given  a 
preliminary  communication  of  our  results,*  stated  in  a  preliminary 
report  that  he  found  "like  Schiitz  that  the  addition  of  oxalates 
constantly  gave  a  visible  increase  of  the  magnesium  narcosis." 

We  shall  describe  briefly  our  experiments  bearing  upon  the  problem 
under  discussion  and  the  conclusions  to  which  they  point. 

EXPERIMENTAL  PART. 

We  experimented  exclusively  on  rabbits.  Magnesiiun  sulphate  in 
M  solution  (MgS04  +  7  H2O)  and  sodium  oxalate  in  3  per  cent  solu- 
tion'  were  injected  separately  and  practically  simultaneously,  either 
into  the  liunbar  muscles  on  opposite  sides  of  the  spine,  or  subcutane- 
ously  into  each  flank,  the  injection  being  usually  followed  by  brief 
massage.  All  doses  were  estimated  and  are  here  reported  in  gm.  of 
the  salt  per  kilo  of  body  weight.  Most  of  the  experiments  were  per- 
formed on  a  series  of  three  animals,  two  serving  as  controls  and 
receiving  subtoxic  doses  of  either  magnesium  sulphate  or  sodium 
oxalate  alone.  The  experimental  animal  received  the  same  dose  ol 
both  salts. 

Intramuscular  Injections. 
An  abbreviated  typical  protocol  follows. 

Experiment  /. 

Rabbit  A. — Oct.  2,  1913.  Magnesium  sulphate  alone.  Grey  female.  Weight 
1,550  gm. 

11.10  Right  liunbar  muscles:  magnesium  sulphate  li,  4.3  cc.  =  0.7  gm.  per 
kilo  of  body  weight. 

11.23.    Lying  down,  head  up,  breathing  rapidly. 

*  Starkenstein,  E.,  Wien.  klin.  Wchnschr,,  1913,  xxvi,  1235. 

*  Gates,  F.  L.,  and  Meltzer,  S.  J.,  Zentralbl.  /.  Physiol.,  1913-14,  xxvii,  1169. 
Starkenstein,  E.,  ZeniralbL  /.  Physiol.,  1914,  xx^dii,  63;  Arch.  /.  exper.  Path.  u. 
Pharm.j  1914,  Ixxvii,  45. 

*  Merck's  reagent,  "Sorensen's  oxalate."  Impure  oxalates  are  not  soluble  to 
3  per  cent. 
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*  11.32.    Can  be  placed  on  side. 

11.34.    Moves  eyes  and  head  when  approached. 

11.40.  When  tail  is  pressed,  raises  head  and  turns  on  belly.  Moves  head 
uid  looks  around. 

11.57.    Hops  when  tail  is  pressed. 

12.13.    Hops  around  voluntarily,  watching  other  rabbits.    Remains  well. 
:  RabhU  B, — Oct.  2,  1913.    Magnesium  sulphate ,  and  sodiimi  oxalate.    Grey 
male.    Weight  1,720  gm. 

11.13.  Right  lumbar  musdes:  magnesium  sulphate  m,  4.8  cc.  »  0.7  gm.  per 
kilo.  Left  liunbar  muscles:  sodium  oxalate  3  per  cent,  5.6  cc.  *>>  0.10  gm.  per 
kilo. 

11.24.    Lying  prone,  with  head  on  floor.    When  pushed  over  on  side,  lies 
passive.    Respiration  full;  17  in  i  min.    No  response  to  pressure  on  tail;  lid 
reflex  good. 
'  11.38.    Same  position.    Lid  reflex  hardly  perceptible. 

12.01.    Respiration  slow  and  deep;  13  in  i  min. 

12.12.    No  response  to  stimuli,  no  lid  reflex. 

12.37.    Turns  over  and  lies  on  belly.    Head  sinks  to  floor  and  is  raised  at 
intervals.    No  response  to  pressure  on  tail. 
1.08.    Crouching  in  a  comer.    Recovers. 

i^oftW/ C— Oct.  2, 1913.    Sodium  oxalate  alone.    Grey  male.  Weight  1,480  gm. 

11.21.  Left  lumbar  muscles:  sodiimi  oxalate  3  per  cent,  4.88  cc.  «  0.1  gm. 
per  kilo  of  body  weight. 

11.28.  Sitting  up,  alert,  changes  position  frequently.  Starts  suddenly  with- 
out apparent  cause. 

11.43.    Active,  hops  around,  laps  water,  licks  site  of  injection. 

12.14.  Has  been  behaving  normally.  Does  not  remain  in  one  position  long. 
No  further  effects  noted. 

The  contrast  in  the  behavior  of  the  controls  and  the  experimental 
animal  is  striking.  The  control  animals  were  but  little  affected:  this 
dose  of  sodium  oxalate  produced  only  trivial  symptoms  in  Rabbit 
C,  and  the  magnesium  animal,  Rabbit  A,  while  weak  and  stupid, 
was  at  no  time  paralyzed  or  anesthetic.  The  third  rabbit,  however, 
ten  minutes  after  the  injections,  was  deeply  anesthetized  and  remained 
passive  and  insensible  for  an  hour.  Two  points  are  of  particular 
interest:  (1)  In  spite  of  the  depth  and  long  duration  of  the  narcosis 
the  respiration  continued  of  good  volume  and  rate  and  the  animal 
was  at  no  time  in  danger.  (2)  The  animal  regained  power  of  volun- 
tary movement  before  the  return  of  sensibility  to  painful  stimuli. 
A  series  of  experiments  with  similar  doses  is  given  in  Table  I. 
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TABLE  I. 
Magnesium  Sulphate  and  Sodium  Oxalate^  Intramuscularly. 


No.  0/ 

ezpcn- 

Dose  per  kflo  of  body 
weight. 

Average  dura- 
tion of  deep 
inhibition. 
Animal  relaxed 
on  side. 

Died. 

ments. 

Ma«nesium 
sulphate. 

Sodium 
oxalate. 

6 
6 

4 

0.7 
0.7 

0.10 
0.10 

mm. 
89 

10 

0 

0 
0 
0 

Only  two  out  of  six  relaxed  at  all. 
Visible  effect  questionable. 

Subcutaneous  Injections. 

When  the  injections  were  made  subcutaneously,  somewhat  larger 
doses  had  to  be  employed.  A  typical  protocol  of  an  experiment 
follows. 

Experiment  II. 

Rabbit  A. — Oct.  9,  1913.  Magnesium  sulphate  alone.  Slate  colored  female. 
Weight  2,030  gm. 

10.16.  Left  flank,  subcutaneously:  magnesiiun  sulphate  if,  6.5  cc.  »>  0.8  gm. 
per  kilo.    Massage  for  20  seconds. 

10.31.    Lying  down,  head  and  ears  erect,  breathing  rapidly. 

10.47.    When  disturbed  hops  away  clumsily. 

11.15.    Crouching  quietly,  head  up,  ears  flat  on  back.    Respiration  good. 

11.50.    Raises  head  to  sniff  at  nearby  objects. 

12.20.    Sitting  up,  washing  paws.    Remains  well. 

Rabbit  B. — Oct.  9,  1913.  Magnesium  sulphate  and  sodium  oxalate.  Grey 
male.    Weight  1,755  gm. 

10.18.  Right  flank,  subcutaneously:  magnesium  sulphate  li,  5.6  «  0.8  gm. 
per  kilo.  Left  flank,  subcutaneously:  sodiiun  oxalate  3  per  cent,  8.75  cc.  »  0.15 
gm.  per  kilo.    Both  sides  massaged  for  20  seconds. 

10.53.    Sitting  up  naturally. 

11.04.    Lying  with  chin  on  floor.    Respiration  slower  and  deep;  21  in  i  min. 

11.13.    Placed  passively  on  side  without  a  struggle.    Respiration  18  in  i  min. 

11.37.    No  response  to  pressing  tail.    Respiration  shallow. 

12.50.  Trace  of  lid  reflex.  No  response  to  pressing  tail.  Respiration  of  fair 
depth;  14  in  }  min. 

2.35.    No  lid  reflex.    No  response  to  pressing  tail. 
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3.52.    Animal  l3dng  as  before.    No  response  to  stimuli.     Breathing  entirely 
abdominal,  of  fair  depth;  14  in  i  min. 

4.28.    Does  not  resist  handling.    Voluntarily  moves  head,  tail,  and  legs 
slightly.    Observation  discontinued. 

Oct.  10,  1913.    9.15.    Sitting  up  in  cage.    Rather  quiet. 

Rabbit  C. — Oct.  9,  1913.  Sodium  oxalate  alone.  Grey  female.  Weight 
1,510  gm. 

10.22.  Left  flank,  subcutaneously:  sodium  oxalate  3  per  cent,  7.5  cc.  ^  0.15 
gm.  per  kilo.    Massage  for  20  seconds. 

10.43.    Hops  around  licking  the  floor  and  snif&ng  at  objects. 

10.53.    Sitting  up,  behaving  normally. 

11.14.    Hops  off  actively  when  approached.    No  effects  noted  from  injection. 

Here  again  neither  the  oxalate  nor  the  magnesium  alone  was 
effective.  Together  they  produced  a  profoimd  depression  with  a 
period  of  anesthesia  and  paralysis  lasting  more  than  four  hours,  fol- 
lowed by  a  gradual  complete  recovery. 

Table  II  summarizes  experiments  with  subcutaneous  injections. 

TABLE  n. 
Magnesium  Sulphate  and  Sodium  OxalatCy  Subcutaneously. 


No.  of 

Dose  per  kilo  of  body 
weight. 

ezpen- 

ments. 

Macnetium 
sulphate. 

Sodium 
oxalate. 

gm. 

gm. 

8 

0.8 

0.15 

8 

0.8 

8 

0.15 

Average  dura- 
tion of  deq> 
inhibition. 
Animal  relaxed 
on  side. 


123  +-h+ 

0 
0 


Remarks. 


In  four  animals  anesthesia  extended 
into  the  night  following.  One  died 
next  day  without  recovery. 

Practically  no  effect.  Drowsiness 
in  four  cases. 

No  effects  observable. 


The  cited  protocols  and  the  two  tables  illustrate  the  results  ob- 
tained in  these  series  of  experiments.  With  the  exception  of  two 
failures  at  the  beginning,  before  the  proper  relation  of  dosage  was 
determined,  the  experimental  animal  in  every  instance  was  definitely 
more  deeply  affected  than  the  controls.  The  differences  between 
the  various  experiments  were  only  of  degree,  and  depended  upon  the 
relation  of  the  dose  employed  and  the  mode  of  administration, 
whether  subcutaneous   or  intramuscular.    With  proper  dose   the 
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contrasts  were  striking  and  constant;  while  the  controls  were  hardly  . 
visibly  affected,  the  experimental  animals  were  deeply  anesthetized 
and  paralyzed,  the  character  of  this  inhibition  being  in  general  similar 
to  that  caused  by  large  effective  doses  of  magnesium  alone. 

In  the  following  particulars  the  depression  of  the  animals  which 
received  sodiimi  oxalate  and  magnesiimi  sulphate  seemed  to  differ 
from  that  of  animals  which  received  magnesium  alone.  (1)  The 
period  of  anesthesia  and  paralysis  is  a  fairly  long  one,  especially  after 
subcutaneous  injections,  when  the  state  of  inhibition  may  last  even 
4  hours  and  longer;  whereas  after  an  effective  sublethal  dose  of 
magnesium  alone  the  entire  state  of  depression  is  of  a  comparatively 
short  duration.  (2)  In  animals  which  receive  oxalate  and  magne- 
sium the  deepest  stage  of  anesthesia  and  paralysis  tends  to  become 
stationary  and  is  of  long  duration — the  inhibitory  curve  has  a  long 
plateau — and  the  recovery  takes  place  gradually;  whereas  with  mag- 
nesiimi alone  the  inhibitory  curve  has  hardly  any  plateau,  and  the 
animal  after  reaching  the  acme  of  anesthesia  and  paralysis  either 
recovers  quite  rapidly  or  the  depression  leads  to  death  by  respiratory 
paralysis. 

The  increase  of  depression  following  the  injection  of  subminimal 
doses  of  sodium  oxalate  and  magnesium  sulphate  which  was  defi- 
nitely established  in  these  experiments  cannot  be  considered  simply 
as  a  summation  of  two  similar  effects.  The  symptoms  brought  on 
by  oxalates  are  entirely  dissimilar  to  those  of  magnesium  inhibition. 
In  our  experiments  the  symptoms  which  follow  the  injections  of 
sodimn  oxalate  in  toxic  doses  exhibit  the  character  of  excitation; 
anxiety,  restlessness,  hypersensitiveness,  and  tonic  and  clonic  con- 
vulsions, which  finally  lead  up  to  asphyxia  and  to  a  fatal  termination. 
In  such  subminimal  doses  as  we  have  employed,  the  toxic  symptoms, 
if  there  were  any,  consisted  at  most  in  excitation  and  increased  alert- 
ness; but  there  was  never  any  manifest  depression.  It  seems,  there- 
fore, that  the  strikingly  depressing  effect  which  the  addition  of  a 
practically  non-toxic  dose  of  sodium  oxalate  to  a  subminimal  dose  of 
magnesium  produces,  must  be  ascribed  to  the  ability  of  the  oxalate 
to  precipitate  caldiun  from  the  body  fluids  and  thus  eliminate  an 
element  which  biologically  is  antagonistic  to  magnesiimi. 
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The  Action  upon  the  Motor  Nerve  Endings. 

Among  the  general  effects  of  magnesium  salts  their  depressing 
action  upon  the  motor  nerve  endings  stands  out  prominently.  In 
minimal  effective  doses  these  salts  reduce  and  in  larger  doses  they 
completely  abolish  the  conductivity  of  the  nerve  endings.  In  a  series 
of  experiments  we  have  studied  directly  the  combined  action  of 
sodium  oxalate  and  magnesium  sulphate  upon  this  intermediary  link 
between  nerve  and  muscle.  The  sciatic  nerve  was  cut  under  ether, 
the  animal  permitted  to  recover  completely,  and  then  the  motor 
reactions  of  foot  and  toes  to  faradic  stimulations  of  the  peripheral 
end  of  the  sciatic  nerve  were  studied  imder  the  influence  of  the  salts 
imder  discussion.  Seventeen  experiments  were  made  upon  rabbits. 
In  fifteen  there  were  two  rabbits  to  each  experiment,  one  an  experi- 
mental animal  and  one  a  control.  The  experimental  animals  received 
subcutaneous  injections  of  0.6  to  0.8  gm.  of  magnesium  sulphate  in 
one  side  and  0.15  to  0.2  gm.  of  sodimn  oxalate.  The  fifteen  con- 
trol animals  received  injections  of  0.6  to  0.8  gm.  of  magnesium  sul- 
phate alone.  Two  rabbits  received  injections  of  0.15  and  0.2  gm.  of 
sodium  oxalate  alone.  For  faradic  stimulations  a  Porter  induction 
coil,  armed  with  one  Daniell  cell,  was  used.  The  cut  sciatic  nerve 
was  stimulated  before  and  at  various  intervals  after  the  injection  of 
the  salt  solutions,  and  the  degree  of  the  reactions  to  the  various 
strengths  of  stimuli  was  noted.  The  results  obtained  in  the  experi- 
mental and  control  animals  were  compared  and  brought  into  relation 
with  the  general  condition  of  the  respective  animals. 

In  both  the  sodium  oxalate  animals  stimulation  of  the  sdatic  nerve 
before  and  at  various  times  after  the  injection  gave  prompt  reactions; 
strong  tetanic  flexion  of  the  foot  and  abduction  of  the  toes. 

Li  eight  of  the  magnesium  controls  stimulation  of  the  sdatic  nerve 
gave  normal  responses  at  the  various  periods  after  the  injection.  In 
the  seven  other  controls  there  were  slight  degrees  of  reduction  in  the 
response  to  the  stimulations;  the  reaction  was  less  prompt,  the  extent 
of  the  contractions  was  lessened,  or  the  distance  of  the  secondary 
coil,  in  order  to  be  effective,  had  to  be  shortened. 

Of  the  experimental  animals,  in  thirteen  the  conductivity  of  the 
peripheral  nerve  endings  was  definitely  more  deeply  affected  than  in 
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their  controls.  In  some  cases  the  conductivity  was  so  depressed  that 
at  the  time  when  the  general  narcosis  was  at  its  height  no  response 
could  be  obtained  from  the  stimulation  of  the  sciatic  nerve  even  with 
a  40  mm.  coil  distance.  In  two  of  the  experimental  animals  the 
reduction  in  the  response  to  stimulation  of  the  sciatic  nerve  was  not 
greater  than  that  of  their  controls,  although  the  general  signs  of 
anesthesia  in  the  experimental  animal  were  quite  deep. 

The  depressing  effect  upon  the  motor  nerve  endings  never  outlasted 
the  central  effects,  while  there  were  cases  in  which  the  loss  of  sensa- 
tion still  continued  after  the  motility  seemed  to  be  normal  again. 

The  Antagonistic  Action  of  Calcium. 

Caldxmi,  as  stated  in  the  introduction,  is  biologically  antago- 
nistic to  magnesium,  and  our  present  experimental  results  led  us  to 
the  conclusion  that  the  increase  of  the  depressive  action  of  subminimal 
doses  of  magnesium  by  the  addition  of  a  subtoxic  dose  of  sodium  oxa- 
late was  due  to  the  calcium-predpitating  property  of  this  salt.  On 
the  other  hand,  we  found  that  the  anesthesia  and  paralysis  produced 
by  a  combination  of  subminimal  doses  of  the  two  salts  was  of  much 
longer  duration  than  the  same  condition  produced  by  an  effective 
dose  of  magnesium  sulphate  alone.  The  question  presented  itself: 
Would  caldimi  cause  a  recovery  from  the  profound  long-lasting  state 
of  depression  caused  by  the  combined  action  of  the  two  salts,  and 
espedally  would  the  recovery  be  as  prompt  and  as  rapid  as  in  cases 
of  magnesium  anesthesia?  We  made  a  large  number  of  experiments, 
but  our  results  may  be  presented  in  the  following  single  sentence: 
The  antagonistic  action  of  caldum  is  just  as  striking  and  prompt  in 
the  prolonged  anesthesia  brought  about  by  the  combination  of  oxalate 
and  magnesium  as  it  is  in  the  anesthesia  produced  by  magnesium 
alone.  The  following  protocol  is  typical  for  all  experiments  in  this 
series,  and  the  photographs  (Figs.  1  and  2)  taken  of  this  experiment 
are  a  good  illustration  of  the  results. 

Experiment  III. 

Rabbit  I, — ^Mar.  9,  1914.  Magnesium  sulphate  alone.  Grey  and  white  male. 
Weight  1,860  gm. 

1.58.  Right  back,  subcutaneously:  magnesium  sulphate  m,  5.9  cc.  »  0.8  gm. 
per  kilo.    Massage  for  1  min. 
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2.16.    Sits  quietly  in  comer  of  box,  or  lies  down. 

2.23.  Crouching  on  forepaws,  head  and  ears  up.  Respiration  fair  volume, 
slow;  19  in  i  min. 

2.32.  L3dng  at  full  length,  head  and  ears  up.  Backs  up  into  sitting  posture; 
rather  heavy  and  quiet. 

2.47.  Crouching  quietly  in  comer  of  box.  Respiration  fuU  volume;  14  in  } 
min. 

3.07.    Photographed  (Fig.  1). 

3.16.    Photographed  (Fig.  2). 

3.45.    Behaving  normally  and  has  shown  no  further  effects.    Remains  well. 

Rabbit  II. — ^Mar.  9,  1914.  Magnesiiun  sulphate  and  sodium  oxalate.  Black 
and  white  female.    Weight  1,540  gm. 

2.01.  Right  back,  subcutaneously:  magnesiiun  sulphate  if,  4.9  cc.  «  0.8  gm. 
per  kilo. 

2.03.  Left  back,  subcutaneously:  sodimn  oxalate  3  per  cent,  7.7  cc.  »  0.15 
gm.  per  kilo.    Massage  both  sides  for  1  min. 

2.10.  Has  defecated.  Respiration  rapid  and  rather  deep.  Restless,  changes 
position  often. 

2.13.  Hind  legs  dragged  a  little  in  walking. 

2.21.  Crouching,  head  up,  ears  back,  breathing  rapidly;  68  in  i  min. 

2.35.  Lying  full  length,  eyes  half  closed,  ears  back,  chin  on  floor.  Flanks 
relaxed  and  bulging.    Respiration  50  in  i  min. 

2.49.  Lying  partly  on  side,  relaxed,  head  flat  on  floor.    Mere  trace  of  lid 

reflex.  Moves  head  slightly  when  tail  is  touched. 

3.05.  Placed  passively  on  back,  feet  in  air.    Remains  there  relaxed. 
3.07.  Photographed  with  controls  (Fig.  1). 

3.15.  Same  condition.  Given  8  cc.  calcium  chloride  0.125  m  through  left 
ear  vein.  Respiration  deepens  during  injection,  and  before  it  is  completed  animal 
turns  over  and  sits  up. 

3.16.  Photograph  taken  within  1  minute  of  injection  (Fig.  2). 

3.45.  Crouching  quietly.  Hair  erect.  Hops  off  actively  when  disturbed. 
Then  sits  up  with  head  and  ears  up.    Remains  well. 

RabbU  III, — ^Mar.  9,  1914.  Sodium  oxalate  alone.  White  female.  Weight 
1,620  gm. 

2.06.  Left  back,  subcutaneously:  sodium  oxalate  3  per  cent,  8.1  cc.  »  0.15 
gm.  per  kilo.    Massage  for  1  min. 

2.11.  Hind  legs  dragged  a  little  at  times.    Rather  restless. 

2.30.  Sitting  up  or  hopping  around  naturally.  Head  and  ears  up.  Not 
restless  or  anxious.    Respiration  42  in  i  min. 

2.48.  Behaving  normally.    Sitting  up,  quiet.    Respiration  35  in  i  min. 

3.07.  Photographed  (Fig.  1). 
3.16.  Photographed  (Fig.  2). 
3.45.    Has  shown  no  further  effects. 
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Figs.  1  and  2  illustrate,  in  the  first  place,  the  anesthesia  and  paraly- 
sis produced  by  the  combination  of  subminimal  doses  of  magnesium 
and  oxalate.  They  show,  further,  in  a  striking  way,  the  antagonistic 
action  of  intravenous  injection  of  caldimi;  it  is  in  all  respects  similar 
to  the  action  of  calcium  in  anesthesia  by  magnesium  alone.  The 
respiration  becomes  deeper  and  more  rapid  immediately  after  begin- 
ning the  injection,  and  the  return  of  muscle  tone  and  motor  activity 
can  be  felt  under  the  hand.  Within  a  minute  after  the  beginning  of 
the  injection,  often  indeed  before  all  of  the  8  or  10  cc.  of  solution  is 
given,  the  animal  draws  up  its  legs,  raises  its  head,  turns  over  and 
scrambles  into  a  sitting  posture,  and  becomes  alert  and  inquisitive. 
After  an  interval  the  rabbit  may  gradually  sink  back  into  narcosis, 
and  can  be  restored  again  by  caldimi.  Occasionally,  if  too  much 
magnesium  and  oxalate  have  been  given,  a  third  injection  may  still 
be  needed  and  given  with  success.  However,  under  such  circum- 
stances, repeated  injections  of  calcium  might  finally  prove  fatal  to 
the  animal. 

The  experiments,  showing  the  depressing  effect  of  magnesium  and 
the  antagonistic  action  of  caldiun  to  this  depression,  are,  as  we  had 
occasion  to  leam,  frequently  demonstrated  in  many  European  Uni- 
versities in  lectures  on  pharmacology  or  physiology.  When  magne- 
sium alone  is  used,  the  period  of  the  greatest  depression  is  of  short 
duration  and  the  demonstration  may  dther  be  unconvincing,  when 
the  animal  is  not  yet  sufficiently  narcotized,  or  it  may  be  a  failure, 
when  the  caldum  injected  is  administered  too  late.  The  anesthesia 
and  paralysis  brought  about  by  a  combination  of  sodiiun  oxalate 
and  magnesium  sulphate  is,  as  we  have  seen  above,  of  comparatively 
long  duration.  It  is  therefore  a  more  appropriate  method  for  pur- 
poses of  demonstration.  The  animal  may  receive  its  double  injec- 
tion 40  to  50  minutes  before  the  time  set  for  the  demonstration.  If 
the  proper  doses  are  given  and  the  proper  procedure  is  followed  out, 
there  is  no  danger  that  the  animal  will  not  be  in  deep  anesthesia, 
or  that  it  will  die  too  soon,  before  the  antagonistic  effect  of  the 
caldum  can  be  shown. 
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SUMMARY. 

The  foregoing  experiments  establish  firmly  the  following  facts. 

Subcutaneous  or  intramuscular  injections  of  sodium  oxalate  in  sub- 
toxic  doses,  when  administered  to  an  animal  which  received  a  sub- 
minimal dose  of  magnesium  sulphate,  produce  profound  anesthesia 
and  paralysis  of  long  duration,  although  the  usual  effects  of  sodium 
oxalate  alone  are  of  a  stimulating  character.  This  fact  is,  in  general, 
in  harmony  with  the  results  reported  by  Starkenstein  who,  however, 
seems  to  have  used  the  combination  of  the  two  salts  in  one  solution; 
namely,  that  of  magnesium  oxalate. 

The  combined  injections  of  subminimal  doses  of  sodium  oxalate 
and  magnesium  sulphate  produce  a  strong  reduction,  or  even,  at  times, 
a  complete  abolition  of  the  conductivity  of  the  motor  nerve  endings. 

An  intravenous  injection  of  calcium  salts  brings  on  a  recovery  from 
the  profound  and  prolonged  effects  of  the  combined  action  of  sodium 
oxalate  and  magnesium  sulphate,  which  is  as  prompt  as  is  observed 
in  experiments  in  which  effective  doses  of  magnesium  alone  were 
given.  This  fact  is  the  more  noteworthy,  since  depressions  of  long 
duration  produced  by  prolonged  continuous  injections  of  magnesium 
solutions  alone  do  not  respond  very  promptly  and  effectively  to  cal- 
cium injections. 

As  will  be  recalled,  the  starting  point  for  our  investigation  was  the 
hypothesis  that  substances  which  are  capable  of  precipitating  calcimn 
— a  biological  antagonist  of  magnesium — ought  to  be  capable  of  in- 
creasing the  depressive  effect  of  magnesium.  Our  experiments  proved 
that  this  assumption  was  correct.  This  would  seem,  therefore,  to 
justify  the  interpretation  that  the  augmenting  action  of  sodium 
oxalate  has  its  cause  in  the  ability  of  the  latter  to  precipitate  calcium 
and  thus  increase  within  the  body  the  amount  of  unantagonized 
magnesium.  However,  we  wish  to  state  expressly  that  this  view  is, 
for  the  present,  still  no  more  than  a  hypothesis  and  does  not  exclude 
other  possible  interpretations  of  our  facts.  As  we  pointed  out  it 
speaks  against  this  hypothesis  that  oxalates  do  not  produce  phenom- 
ena of  depression;  the  toxic  symptoms  produced  by  oxalates  exhibit 
distinctly  signs  of  increased  and  not  of  decreased  irritability. 
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EXPLANATION  OF  PLATE  95. 

Flo.  1.  Rabbit  III.  Sodiumozalate3percent,  0.15  gm.  per  kilo.  Alert,ears 
erect.  (Caught  by  instantaneous  exposure.)  Rabbit  n.  Sodium  oxalate  3  per 
cent,  0.15  gm.  per  kilo.  Magnesium  sulphate  u,  O.S  gm.  per  kilo.  Deeply  anes- 
thetized and  quite  relaxed.  Rabbit  I.  Magnesium  sulphate  u,  0.8  gm.  per  kilo. 
Crouches  quietly  as  placed.    Ears  back. 

Fid.  2.  Rabbits  III  and  I  as  before.  Rabbit  II  within  a  minute  has  received 
8  cc  of  caldum  chloride  0.125  u  into  the  marginal  ear  vein  (note  clip).  Alert  and 
senutive;  right  paw  blurred  from  movement. 
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THE  DISTRIBUTION  OF  TRYPAN-RED  TO  THE  TISSUES 

AND  VESSELS  OF  THE  EYE  AS  INFLUENCED  BY 

CONGESTION  AND  EARLY  INFLAMMATION. 

By  PAUL  A.  LEWIS,  MX). 
(From  the  Henry  Pkipps  Institute  of  the  Unnenity  of  Pennsylvania,  Philaddphia.) 

(Received  for  publication,  February  24,  1916.) 

It  is  the  purpose  of  this  paper  to  present  certain  simple  obser- 
vations which  have  a  bearing  on  the  manner  in  which  the  consti- 
tuents of  the  aqueous  humor  are  secreted  into  and  eliminated  from 
the  anterior  chamber  of  the  eye.  It  will  be  shown  that  external 
influences  may  affect  profoundly  the  ease  with  which  abnormal  con- 
stituents appear  in  the  anterior  chamber  fluid.  The  observations 
have  some  bearing  on  general  problems  of  pathology  and  pharma- 
cology which  will  be  pointed  out.  And  lastly  there  will  be  included 
some  observations  on  the  diffusion  of  substances  into  and  from  the 
cornea. 

All  the  observations  have  been  made  on  the  rabbit's  eye.  The 
azo-dye  trypan-red  as  furnished  by  Griibler  has  been  the  substance 
chiefly  employed  for  testing  the  permeability.  This  dye  has  been 
dissolved  in  normal  saline  solution  to  the  amoimt  of  one-quarter  of 
1  per  cent.  100  cc.  of  this  solution  may  be  warmed  to  body  temper- 
ature and  injected  slowly  into  a  full  grown  rabbit  by  the  intravenous 
method  without  causing  the  animal  any  immediate  distress  and  with 
no  appreciable  evidence  of  toxicity  later.  Under  these  circumstances 
by  the  time  the  injection  is  finished  the  skin  and  mucous  membranes 
of  the  entire  body  are  stained  red.  The  intensity  of  the  stain  in  the 
tissues  increases  for  a  niunber  of  hours  to  a  maximum  which  is  main- 
tained without  appreciable  change  for  a  number  of  days,  and  which 
then  gradually  fades  out  over  a  period  of  weeks  and  months.  Try- 
pan-blue  and  other  azo-dyes  of  similar  physiological  activity  may  be 
used  in  the  same  general  way. 
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Trypan-red  is  a  colloidal  substance;  that  is,  its  watery  solutions 
do  not  diffuse  through  parchment  paper.  When,  therefore,  the  dye 
leaves  the  blood  vessels  to  appear  in  the  tissues,  the  lymphatic  spaces, 
lacluymal  secretions,  or  the  urine,  its  passage  is  in  itself  evidence 
that  the  interposed  tissue  surfaces  are  not  perfect  dialyzing  membranes. 
They  are  either  leaky  mechanicaUy  to  substances  of  certain  physical 
constitution,  or  they  exert  a  selective  action  which  permits  some 
colloids  to  pass  while  retaining  others. 

If  the  normal  eyes  are  observed  at  any  time  after  the  injection  of 
the  dye  in  the  manner  described  it  will  be  seen  that  the  sclera  shares 
the  stain  of  the  skin  with  greater  or  less  intensity.  No  stain  can 
be  detected  in  the  cornea  or  anterior  chamber  fluid  by  inspection  of 
the  eye.  If,  however,  after  a  number  of  hours  the  aqueous  humor 
be  withdrawn  it  will  be  foimd  to  have  a  barely  appreciable  pink 
color.  If  at  the  end  of  a  week  or  10  dajrs  the  animal  is  killed,  the 
eye  removed,  and  the  cornea  dissected  free,  it  also  will  be  seen  to  be 
stained  very  faintly  although  definitely.  If  the  blood  be  withdrawn 
immediately  after  the  injection,  the  serum  is  found  intensely  stained 
with  the  dye.  As  the  tissue  stain  increases  in  intensity,  the  stain 
disappears  gradually  from  the  blood  to  a  minimum  point  which  is 
probably  long  maintained. 

Observations  on  the  Aqueous  Humor. 

If  within  a  few  minutes  after  finishing  the  intravenous  injection  one 
eye  is  cocainized  and  the  anterior  chamber  fluid  withdrawn,  a  colorless 
fluid  is  obtained.  As  the  chamber  refills,  which  it  does  in  the  course 
of  a  short  time,  the  reformed  fluid  is  stained  intensely.  The  rapidity 
with  which  a  stained  fluid  appears  in  the  anterior  chamber  following 
such  a  tap  varies  considerably  in  different  rabbits.  It  is  also  possible 
so  to  alter  the  physiological  condition  of  the  eye  that  the  dye  when 
injected  intravenously  will  quickly  appear  in  the  anterior  chamber 
without  the  preliminary  tapping.. 

With  the  facts  above  outlined  as  a  basis  for  work,  experiments  have 
been  carried  out  which  throw  some  light  on  two  distinct  questions; 
namely,  the  place  from  which  certain  abnormal  constituents  may 
be  secreted  into  the  anterior  chamber  of  the  eye,  and  secondly  the 
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relation  between  the  different  constituents  of  an  altered  anterior 
chamber  fluid  in  the  time  of  their  appearance. 

There  is  now  a  general  agreement  that  the  normal  anterior  chamber 
fluid  is  furnished  from  the  vascularized  ciliary  body  behind  the  iris, 
reaching  the  anterior  chamber  through  the  pupil.  No  experiment 
entirely  free  from  objection  has  ever  been  devised  either  to  prove  or 
disprove  this.  The  e^eriments  in  proof  of  the  proposition  have 
involved  the  withdrawal  of  fluid  from  the  eye,  a  procedure  which  at 
once  disturbs  the  relationships  to  an  important  degree.  The  experi- 
ments of  Ehrlich^  with  fluoresdn  were  interpreted  by  him  to  signify 
that  the  anterior  chamber  fluid  was  secreted  from  particular  regions 
of  the  anterior  surface  of  the  iris.  Ehrlich's  experiments,  done  many 
years  ago  in  part,  show  that  fluorescin  appears  in  the  anterior  chani- 
ber  fluid  from  regions  anterior  to  the  iris.  It  should  be  recognized, 
however,  that  in  interpreting  such  an  experiment  the  fluid  and  the 
various  other  elements  of  either  a  normal  or  an  altered  aqueous  humor 
may  originate  in  different  places.  Those  portions  of  Ehrlich's  ex- 
periments which  seemed  to  him  to  show  that  there  were  definite  curr 
rents  in  the  aqueous  humor  flowing  from  the  sides  toward  the  center, 
meeting  on  a  vertical  line  in  the  midregion  of  the  chamber  in  such  a 
way  as  to  form  a  swirl  where  the  two  streams  meet,  are  susceptible 
of  no  explanation  in  the  light  of  the  conditions,  as  displayed  by  our 
work  with  trypan-red. 

When  the  aqueous  humor  is  withdrawn  the  pupil  usually  contracts 
more  or  less.  Almost  immediately  the  chamber  begins  to  fill  again 
with  fluid.  When  the  tap  has  followed  shortly  after  the  intravenous 
injection  of  trypan-red,  the  reformed  fluid,  as  has  been  said  before, 
is  colored  with  the  dye.  The  color  comes  for  the  most  part  through 
the  pupil  from  behind.  Occasionally  it  can  be  seen  that  the  dye 
makes  its  appearance  in  considerable  concentration  on  the  anterior 
surface  of  the  iris  away  from  the  pupilary  margin  before  any  color 
has  appeared  through  the  pupil. 

If  eserine  is  dropped  in  one  eye  in  sufi^dent  quantity  to  contract 
the  pupil  as  far  as  possible,  and  if  then  the  dye  is  injected  intraven- 
ously, even  though  no  aqueous  humor  is  withdrawn  the  fluid  will 

^  Ehrlich,  P.,  Ueber  provodrte  Fluorescenzerscheinungen  am  Auge,  Deutsch, 
med.  Wcknschr,,  1882,  viii,  21. 
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frequently  become  colored.  Here  again  the  color  alwa3rs  appears 
from  behind  the  pupil,  but  it  may  also  appear  on  the  anterior  surface 
of  the  iris  independently. 

Neither  cocaine  nor  atropine  causes  the  appearance  of  color  in  the 
untapped  eye.  Atropine  when  used  in  such  a  way  as  to  dilate  the 
pupil  fully  before  the  eye  is  tapped  prevents  any  appearance  of  dye 
on  the  anterior  surface  of  the  iris. 

If  one  eye  of  a  rabbit  is  cocainized  and  the  cornea  inoculated  with 
a  living  culture  of  the  tubercle  bacillus,  a  progressive  lesion  results, 
differing  in  character  with  the  particular  culture  used  and  the  amoimt 
inoculated.  The  characteristics  of  this  lesion  we  have  described  in 
detail  elsewhere.^  24  hours  after  the  inoculation  there  is  usually  an 
intense  congestion  of  the  conjunctiva,  the  iris  and  the  ciliary  body 
being  more  or  less  congested.  This  congestion  tends  to  subside  by 
the  2nd  day  but  does  not,  as  a  rule,  entirely  disappear. 

24  hours  or  more  after  such  an  inoculation,  if  the  animal  is  injected 
with  the  dye  intravenously  as  above  described,  the  anterior  chamber 
fluid  of  the  inoculated,  untapped  eye  will  always  become  colored. 
Here  again  most  of  the  color  appears  through  the  pupil,  but  in  many 
instances  it  also  appears  earlier  and  independently  on  the  anterior 
surface  of  the  iris. 

In  each  of  these  instances,  the  tapped  eye,  eserinated  eye,  or  the 
tubercular  eye,  whenever  the  color  appears  on  the  anterior  surface  of 
the  iris,  it  seems  to  be  associated  with  definite  areas  of  congestion.  It 
would  be  interesting  to  know  whether  it  is  impossible  to  have  the  color 
appear  abnormally  in  the  absence  of  such  a  congestion.  We  have, 
with  this  in  mind  made  some  experiments  with  abrin^  This  poison, 
as  is  well  known,  causes  an  intense  inflammation  of  the  conjimctiva 
when  it  is  dropped  in  the  eye.  The  inflammation  is  characterized 
by  a  well  marked  edema  and  congestion  and  develops  slowly  through 
a  stage  which  is,  generally  speaking,  one  of  edema,  to  a  stage  which 
is  more  predominantly  congestive.  In  the  various  stages  of  this 
inflammation  trypan-red  or  trypan-blue  applied  intravenously 
appears  in  the  anterior  chamber,  and  in  the  edematous  conjunctiva 
with  imusual  rapidity.    We  have  never  had  a  result,  however,  which 

•  Lewis,  P.  A.,  and  Montgomery,  C.  M.,  Jour.  Exper,  Med,,  1914,  xx,  269. 
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enables  us  to  think  that  the  dye  can  appear  in  abnormal  amount  or 
situation  as  a  consequence  of  an  edematous  condition  alone  and  in 
the  entire  absence  of  congestion. 

To  sum  up  this  portion  of  our  remarks  we  may  say  that  under 
conditions  in  which  the  eye  is  slightly  congested  certain  dyes  injected 
intravenously  may  appear  in  abnormally  large  amoimt  and  with 
unusual  rapidity  in  the  aqueous  humor.  The  largest  amoimt  of  the 
dye  comes  into  the  aqueous  humor  from  behind  the  iris,  but  appreci- 
able amoimts  frequently  come  from  the  anterior  surface  of  the  iris. 
In  these  instances  the  iris  has  always  shown  a  local  congestion  in  the 
region  in  which  the  dye  has  appeared. 

It  is  a  well  known  fact  that  if  the  aqueous  himior  be  withdrawn 
the  fluid  which  refills  the  anterior  chamber  differs  from  that  first 
withdrawn  in  that  it  coagulates  spontaneously.  We  have  tested  the 
relationship  between  the  appearance  in  the  fluid  of  the  factors  con- 
trolling the  coagulation  and  the  dye.  When  the  dye  is  injected 
intravenously,  the  eye  being  tapped  at  once  after  the  injection  is 
finished,  the  rapidity  with  which  the  dye  appears  in  the  anterior 
chamber  varies  greatly  in  different  rabbits.  It  is  usually  from  20  to 
30  minutes  before  fluid  is  obtained  which  would  be  classified  as  in- 
tensely stained.  At  this  time  the  fluid  has  always  coagulated  spon- 
taneously in  our  experience.  Occasionally  we  have  had  animals 
in  which  at  the  end  of  5  minutes  the  anterior  chamber  fluid  was 
intensely  stained.  On  withdrawing  this  at  once  we  have  several 
times  obtained  an  intensely  colored  fluid  which  did  not  coagulate. 
These  facts  suffice  to  show  that  the  appearance  of  the  dye  is  inde- 
pendent of  the  appearance  of  at  least  some  of  the  factors,  determin- 
ing coagulation. 

The  distribution  of  the  dye  when  it  comes  into  the  anterior  chamber 
is  interesting  in  that  it  throws  some  light  on  the  rapidity  of  move- 
ment of  the  aqueous  humor.  In  those  instances  where  the  dye  appears 
in  concentration  on  the  iris  surface  before  it  comes  through  the  pupil 
it  diffuses  very  slowly  from  the  point  where  it  makes  its  appearance, 
and  this  diffusion  is  apt  to  be  more  or  less  even  in  all  directions. 
When  the  dye  comes  through  the  pupil  it  is  apt  to  come  over  the  lower 
pupilary  margin  in  a  concentrated  stream  which  sinks  slowly  to  the 
bottom  of  the  chamber  and  from  there,  spreads  in  the  course  of  half 
an  hour  or  more  by  diffusion  imtil  the  aqueous  is  evenly  colored. 
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The  conditions  can  easily  be  duplicated  outside  the  body.  If  one 
takes  a  thin  collodion  sac  about  an  inch  in  diameter,  fills  it  with  a 
1  per  cent  solution  of  trypan-red,  and  gently  lowers  it  into  a  beaker 
of  water  the  dye  will  dijffuse  out  of  the  sac  into  the  water  with 
moderate  rapidity.  The  dye  comes  out  of  the  sac  over  the  entire 
submerged  surface.  It  then  apparently  creeps  along  the  surface 
of  the  sac  to  the  lower  end  of  it  and  falls  from  there  in  a  narrow 
stream  of  concentrated  dye  to  the  bottom  of  the  beaker.  It  spreads 
along  the  bottom  to  make  a  concentrated  red  layer  in  this  region. 
Then  in  the  course  of  an  hour  or  more  it  diffuses  throughout  the  water. 
If  the  beaker  is  distiurbed,  of  course  the  secondary  spread  is  hastened. 

The  conditions  in  the  anterior  chamber  of  the  eye  are  analogous 
to  this,  and  it  is  hard  to  reconcile  the  observations  with  the  view 
that  there  are  any  very  active  movements  in  the  aqueous  humor. 
There  seems  to  be  a  tendency  for  matter  coming  into  the  anterior 
chamber  through  the  pupil,  to  come  in  at  the  lower  margin  and  to 
sink  to  the  bottom  of  the  chamber. 

There  is  also  a  tendency  for  the  dyes  that  we  have  used,  at  least, 
to  leave  the  chamber  in  a  definite  region.  If  0.5  cc.  of  a  1  per  cent 
solution  of  trypan-red  or  trypan-blue  is  taken  in  a  suitable  syringe 
and  the  aqueous  himior  from  a  normal  eye  is  also  drawn  into  the  same 
syringe  and  if  then  the  mixed  fluid  and  dye  solution  is  immediately 
reinjected,  care  being  taken  to  restore  approximately  the  original 
tension,  the  absorption  of  dye  can  be  watched  very  well.  Within 
a  few  minutes  vessels  in  the  sclerotic  will  be  seen  to  be  injected  with 
the  dye.  The  vessels  which  are  first  injected  and  the  only  ones  which 
usually  show  a  pronounced  injection  are  on  the  upper  surface  of 
the  eyeball  to  each  side  of  the  midline.  The  injection  of  vessels  in 
this  region  persists  until  the  dye  is  completely  absorbed. 

The  indication  in  these  experiments  is,  then,  that  there  is  very 
little  movement  in  the  aqueous  humor.  The  points  of  secretion  and 
absorption  are  such  as  to  determine  fairly  definite  lines  of  diffusion 
for  colloidal  matter  in  the  fluid,  which  in  a  general  way  are  from  behind 
the  iris,  through  the  pupil  to  the  lower  portion  of  the  chamber,  and 
then  upward  to  leave  at  the  superior  portions  of  the  angle. 
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Observations  on  the  Cornea. 

In  a  preceding  paragraph  we  said  that  a  number  of  days  after  an 
intravenous  injection  of  trypan-red  the  cornea  becomes  distinctly 
colored.  It  is  the  generally  accepted  view  that  substances  which 
reach  the  cornea  do  so  by  diffusion  from  the  corneoscleral  margin. 
The  way  in  which  the  cornea  becomes  stained  is  in  accord  with  this. 
If  an  animal  is  killed  2  or  3  days  after  the  dye  is  injected,  the  cornea 
will,  on  examination,  be  found  stained  at  its  drcimiference,  the 
colored  area  at  this  time  reaching  about  one-third  of  the  way  to  the 
center. 

In  connection  with  the  study  of  experimental  tuberculosis  previously 
referred  to,  we  observed  that  the  reactions  of  the  cornea  were  not 
uniform  throughout.  If,  for  example,  a  central  inoculation  is  made, 
the  first  formation  of  blood  vessels  at  the  corneoscleral  margin  will 
be  above,  at  approximately  the  midline.  Next,  vessels  will  form  on 
the  midline  below,  and,  lastly,  on  the  sides.  We  assumed  that  this 
was  because  substances  diffused  out  of  the  cornea  by  preference 
toward  the  upper  portion  and  hence  stimulated  the  tissue  reactions 
first  at  that  point.  That  the  diffusion  is  along  these  lines  we  have  now 
foimd  can  be  shown  to  be  the  case  with  the  dyes  we  have  used  in 
this  work.  If  the  cornea  is  infiltrated  in  a  spot  2  to  3  mm.  in  dia- 
meter at  its  center,  the  dye  does  not  diffuse  toward  the  lower  corneo- 
scleral margin  in  any  appreciable  degree.  The  diffusion  is  chiefly 
toward  the  upper  margin,  spreading  out  more  or  less  in  the  shape  of  a 
fan  in  this  direction.  To  get  a  diffusion  chiefly  toward  the  sides  or 
lower  margin  it  is  necessary  to  place  the  infiltration  quite  close  to  the 
corneoscleral  junction  in  those  directions. 

SUMMARY. 

In  as  far  as  the  observations  reported  have  a  bearing  on  the  move- 
ments of  fluid  within  the  eye,  they  are,  for  the  most  part,  in  accord 
with  views  at  present  generally  accepted.  On  the  other  hand,  we 
know  of  no  other  way  in  which  it  may  be  so  readily  demonstrated 
that  simple  and  even  temporary  local  circulatory  changes  may  pro- 
foundly alter  the  distribution  of  substances  from  the  circulating 
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blood  to  the  eztravascular  fluids  and  tissues.  In  the  light  of  these 
observations,  it  would  seem  that  such  changes  might  easily  account 
for  marked  idios}mcrasies  in  the  action  of  poisonous  drugs,  and  as 
well  probably  for  other  factors  in  drug  action. 


THE  APPEARANCE  OF  THE  PRESSOR  SUBSTANCE  IN  THE 

FETAL  HYPOPHYSIS. 

By  dean  lewis,  M.D. 
{From  the  Hull  Laboratory  of  Anatomy,  University  of  Chicago,  Chicago.) 

Plates  96  and  97. 

(Received  for  publication,  February  21,  1916.) 

It  has  been  demonstrated  (Lewis,  Miller,  and  Matthews^  that  the 
pressor  substance  of  the  posterior  lobe  of  the  hj^ophysis  is  secreted 
by  the  pars  intermedia,  a  derivative  of  the  pharyngeal  pouch.  The 
present  study  was  imdertaken  with  the  hope  of  determining  at  what 
period  in  fetal  life  the  pressor  substance  appears  and  of  correlating 
the  cytological  changes  in  the  pars  intermedia  with  the  estabUshment 
of  secretory  fimction,  using  the  appearance  of  the  pressor  substance 
as  an  index.    The  cytological  studies  are  now  in  progress. 

I  have  used  extracts  from  the  entire  gland.  The  hypophyses  of 
pigs  just  before  birth  are  large  enough  to  permit  of  separation  of  the 
two  lobes,  but  in  the  earlier  stages  this  is  impossible.  In  order  to 
seciure  uniform  material  for  injection  the  extracts  were  made  from  the 
entire  gland  in  all  instances.  The  glands  were  obtained  fresh  and 
extracted  in  absolute  alcohol  to  remove  the  depressor  substances. 
After  extraction  was  completed,  the  alcohol  was  filtered  ofif  and  the 
residue  dried  in  a  desiccator.  The  dried  residue  was  kept  in  small 
bottles  \mtil  desired  for  use,  when  a  salt  solution  extract  was  made  for 
intravenous  injection. 

Fetal  pigs  just  before  birth  measure  from  275  to  285  mm.;  the 
measurement  being  taken  from  tiie  crown  of  the  head  to  the  tip  of 
the  coccyx.  Fig.  1  indicates  the  effect  upon  blood  pressure  of  an 
intravenous  injection  of  0.1294  gm.  of  dried  hypophyses  removed 
from  pigs  just  before  birth,  extracted  in  5  cc.  of  normal  salt  solution. 

^  Lewis,  D.,  Miller  J.  L.,  and  Matthews,  S.  A.,  The  Effects  on  Blood-Pressure 
of  Intravenous  Injections  of  Extracts  of  the  Various  Anatomical  Components  of 
the  Hypophysis,  Arch.  Int.  Med.,  1911,  vii,  785. 
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This  extract  must  be  carefully  filtered  before  injection,  for  much  of 
the  dried  glands  is  insoluble.  Intravenous  injection  of  5  cc.  of  this 
extract  caused  a  prompt  and  marked  rise  in  blood  pressure  which  was 
followed  by  a  fall  and  a  second  rise  to  almost  the  same  level  as  the 
first,  accompanied  by  marked  slowing  of  the  pulse  and  an  increase  in 
the  length  of  the  pulse  wave.  This  type  of  tracing  is  often  obtained 
after  intravenous  injections  of  extracts  made  from  adult  glands,  but 
it  is  not  the  most  common  type  of  tracing  obtained  after  such  in- 
jections. It  has  been  suggested  that  the  fall  following  the  primary 
rise,  which  is  of  short  duration,  is  probably  due  to  coronary  artery 
contraction.  This  type  of  tracing  seems  to  occur  more  frequently 
when  extracts  of  the  entire  posterior  lobe  are  used  than  when  those 
of  the  pars  intermedia  alone  are  employed.  It  has  been  suggested 
that  the  variations  from  the  common  type  which  will  be  noted  later 
may  be  due  to  the  action  of  substances  extracted  from  the  nervous 
part  of  the  posterior  lobe. 

Intravenous  injection  of  0.05  gm.  of  dried  hypophyses  from  fetal 
pigs  measiuing  175  mm.  extracted  in  5  cc.  of  normal  salt  solution 
gave  a  decided  pressor  effect  such  as  is  usually  obtained  by  the  intra- 
venous injection  of  extracts  made  from  adult  glands.  The  pressor 
reaction  followed  the  injection  rapidly  and  was  long  continued,  being 
unassodated  with  any  marked  change  in  the  tracing  (Fig.  2) . 

Intravenous  injections  of  saline  extracts  of  hypophyses  from  fetal 
pigs  measiujng  125  mm.  gave  different  results.  In  some  cases  a 
slight  pressor  effect  following  a  primary  fall  was  noted,  while  in  other 
instances  no  change  in  the  tracing  was  noted.  Fig.  3  is  a  tracing 
obtained  after  intravenous  injection  of  an  extract  of  0.08  gm.  of 
dried  hypophyses  in  5  cc.  of  normal  salt  solution.  The  injection 
of  this  extract  caused  a  fall  in  pressure  which  was  followed  by  a  rise 
slightly  above  the  level  existing  before  the  injection  was  made.  This 
reaction  was  of  short  duration,  the  pressure  soon  sinking  to  the  level 
which  existed  before  the  injection  was  made.  Another  tracing 
was  made  after  the  injection  of  an  extract  of  0.06  gm.  of  dried  hy- 
pophyses from  pigs  measuring  125  mm.  extracted  in  3  cc.  of  salt 
solution.  The  amount  of  extract  injected  was  therefore  practically 
the  same  as  in  the  preceding  experiment.  The  injection  of  this 
extract  caused  a  fall  in  pressure  followed  by  a  rapid  return  to  the 
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level  existing  before  the  injection  was  made  (Fig.  4).  An  injection 
of  the  residue  left  after  filtration  of  the  preceding  solution  extracted 
in  5  cc.  of  normal  salt  solution  caused  another  fall  with  a  rapid 
return  to  the  level  existing  before  the  injection.  The  fall  in  pressure 
observed  in  the  last  experiments  occurs  frequently  after  injections 
of  glands,  even  after  attempts  to  remove  completely  the  depressor 
substance  which  exists  in  all  parts  of  the  gland  have  been  made  by 
thorough  extraction  with  absolute  alcohol. 

Fig.  3  indicates  that  in  some  instances  a  slight  but  tmmistakable 
pressor  effect  of  short  duration  may  follow  the  intravenous  injection 
of  extracts  made  from  the  hypophyses  of  pigs  measuring  125  mm. 
This  reaction  does  not  follow  the  injection  of  all  extracts  made  from 
the  glands  of  pigs  of  this  measurement.  It  is  possible  that  in  attempts 
to  obtain  fresh  material  a  few  pigs  measiuing  slightly  more  than  125 
nmi.  have  been  occasionally  used,  but  if  this  is  the  case,  they  have 
exceeded  this  measurement  only  by  a  few  mm. 

I  believe  that  I  am  justified  in  stating  that  the  active  principle  of 
the  pars  intermedia,  using  the  pressor  substance  as  an  index,  begins 
to  appear  in  fetal  pigs  measuring  125  mtm.  or  slightly  more. 

It  is  somewhat  difSicult  to  determine  the  age  of  fetal  pigs  as  esti- 
mated by  measurements.  Koch  says  that  great  difficulty  is  experi- 
enced in  finding  any  statement  concerning  the  age  of  pig  fetuses. 
The  statements  of  different  authors  do  not  always  agree,  but  the  two 
which  come  closest  to  an  agreement  are  those  of  Bradley  and  Coe. 
Bradley  compared  the  length  of  the  embryos  with  the  time  of  coition. 
Coe  estimated  the  age  from  the  rate  of  development  of  other  mammals. 
While  considerable  uncertainty  is  attached  to  these  figures,  it  may 
be  assimied  that  the  50  mm.  pig  fetus  is  about  40  days  old  from  con- 
ception; the  100  mm.  fetus  is  55  to  62  days  old;  and  the  200  mm.  pig 
is  88  to  90  days  old  from  conception. 

As  determined  by  the  pressor  reaction  the  secretion  of  the  pars 
intermedia  seems  to  be  established  in  pigs  measuring  125  nun.  The 
reaction  is  not  obtained  after  the  injection  of  all  extracts  of  glands 
removed  at  this  period  and  even  when  present  is  not  marked.  There 
are,  however,  often  definite  indications  of  a  pressor  effect  as  indicated 
in  Fig.  3  As  far  as  can  be  estimated,  a  pig  measuring  125  mm.  is 
about  9J  or  10  weeks  old  from  conception.    During  the  period  rep- 
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resented  by  the  differences  between  125  and  175  mm.,  the  secretion 
of  the  pars  intermedia  becomes  as  active  as  that  of  the  adult  gland. 

McCord*  has  recently  attempted  to  determine  the  time  of  appear- 
ance of  the  active  principle  of  the  pars  intermedia.  Its  presence 
was  determined  by  the  oxytocic  activity  of  extracts  of  glands  by 
means  of  the  method  of  Dale  and  Laidlaw,'  using  histamine  as  a 
standard.  The  tests  for  pituitrin  were  begmi  with  embryos  at  or 
near  full  term.  These  tests  and  others  as  far  back  as  9  weeks  were 
quantitative  tests.  Pituitrin  was  found  in  the  extracts  of  glands  as 
early  as  9  weeks,  and  the  quantity  for  imit  of  weight  was  larger  than 
in  the  adult.  In  the  7th  and  8th  weeks  of  fetal  life  the  pituitary 
could  no  longer  be  recognized,  although  the  sella  turcica  was  plainly 
visible.  The  experiments,  therefore,  could  not  be  made  earlier  than 
the  9th  week  of  fetal  life. 

McCord  worked  with  bovine  fetuses  and  it  is  difficult  to  determine 
the  relative  ages  of  calf  and  pig  fetuses  by  the  lengths.  McCord  found 
that  the  first  indication  of  an  active  pars  intermedia  occurs  in  a  bovine 
fetus  measuring  165  mm.,  while  evidences  of  an  active  pars  inter- 
media are  foimd  in  a  pig  fetus  measuring  125  mm. 

Fenger*  has  shown  that  both  the  thyroid  and  suprarenal  glands  of 
the  beef,  hog,  and  sheep  contain  their  active  principles  not  only  at 
birth,  but  also  in  the  fetus.  He  believes  that  both  the  th3rroid  and 
suprarenals  of  the  fetus  take  a  distinct  and  active  part  in  its  growth. 

SUMMARY. 

The  pressor  substance  of  the  hypophysis  is  so  marked  in  the  pig 
fetus  measuring  175  nmi.  that  it  seems  probable  that  a  fetus  of  this 
length  is  independent  of  the  secretion  of  the  mother's  hypophysis. 

*  McCord,  C.  P.,  The  Occurrence  of  Pituitrin  and  Epinephrin  in  Fetal  Pituitary 
and  Suprarenal  Glands,  Jour,  Biol,  Chem,,  1915,  xxiii,  435. 

•Dale,  H.  H.,  and  Laidlaw,  P.  P.,  A  Method  of  Standardizing  Pituitary 
(Infundibular)  Extracts,  Jour,  Pharm,  and  Exper,  Therap,,  1912-13,  iv,  75. 

*Fenger,  F.,  On  the  Presence  of  Active  Principles  in  the  Thyroid  and 
Suprarenal  Glands  Before  and  After  Birth.  Second  Paper,  Jour.  Biol,  Chem., 
1912,  xii,  55. 
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EXPLANATION  OF  PLATES. 
Plate  96. 

Fig.  1.  ESect  upon  blood  pressure  of  the  intravenous  injection  of  0.1249  gm. 
of  dried  hypophyses  removed  from  pigs  just  before  birth,  dissolved  in  5  cc.  of 
Domisl  salt  solution.  This  type  of  tracing  is  often  produced  by  injection  of 
extracts  of  the  adult  gland,  but  is  not  the  most  common  fonn. 

Fig.  2.  Effect  upon  blood  pressure  of  the  intravenous  injection  of  0.05  gm.  of 
dried  Iqrpophyses  removed  from  pigs  measuring  175  mm.,  dissolved  in  5  cc.  of 
normal  salt  solution.    A  promft  and  long  continued  pressor  effect  is  noted. 

Plate  97. 

Fig.  3.  ESect  upon  blood  pressure  of  the  mtravenous  injection  of  0.08  gm. 
of  dried  hypophyses  removed  from  pigs  measuring  125  mm.,  dissolved  in  5  cc. 
of  normal  salt  solution.  The  fall  in  pressure  is  followed  by  a  distinct  but  tem- 
porary rise. 

Fig.  4.  Effect  upon  blood  pressure  of  the  intravenous  injection  of  0.06  gm. 
of  dried  hypophyses  removed  from  pigs  measuring  125  nun.,  dissolved  in  3  cc. 
of  normal  salt  solution.  A  fall  in  pressure  is  noted  with  a  rise  to  the  level 
existing  before  the  injection. 
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CHEMICAL  VERSUS  SERUM  TREATMENT  OF  EPIDEMIC 

MENINGITIS. 

By  SIMON  FLEXNER,  M.D.,  and  HAROLD  L.  AMOSS,  M.D. 
(From  the  Laboratories  of  The  Rockefeller  Institute  for  Medical  Research,) 

(Received  for  publication,  March  20,  1916.) 
INTRODUCTION . 

The  reappearance  of  epidemic  meningitis  among  the  belligerent 
armies  in  Europe  has  led  to  numerous  reports  on  the  treatment  of  the 
disease.  For  the  most  part,  the  antimeningococcic  serum  has  been 
employed,  but  in  one  instance  at  least  the  attempt  has  been  made  to 
improve  upon  the  serum  treatment  by  substituting  for  it  chemical 
treatment.  This  attempt  to  employ  directly  antiseptic  drugs  in  the 
treatment  of  epidemic  meningitis  is  a  revival  of  an  old  notion. 

The  circumstances  are  such  as  to  make  the  chemical  treatment 
favorable  from  a  theoretical  standpoint.  The  infection  tends  to  be 
local,  that  is,  within  the  cerebrospinal  membranes,  and  not  general 
or  throughout  the  body.  The  membranes  are  directly  accessible  from 
without,  so  that  the  chemical  substance  can  be  brought  into  immedi- 
ate relation  with  the  seat  of  infection.  Moreover,  the  meningococcus 
as  cultivated  outside  the  body  is  not  a  highly  resistant  micro- 
organism, but  is  readily  injured  by  chemical  action,  and  is  indeed 
quickly  injured  by  the  waste  products  of  its  own  growth.  What, 
therefore,  is  apparently  simpler  or  more  promising  than  to  control 
epidemic  meningitis  by  the  direct  application  by  means  of  liunbar 
pimcture  of  bactericidal  chemicals  to  the  infected  and  inflamed 
cerebrospinal  membranes? 

There  is,  moreover,  still  another  theoretical  reason  for  resorting  to 
the  chemical  treatment  of  epidemic  meningitis.  The  meningococcus 
is  now  known  to  be  a  microorganism  which  occurs  in  at  least  two 
varieties  or  types,  distinguished  as  meningococcus  and  paramenin- 
gococcus.^   Their  main  differences  are  immunological,  so  that  they 

*  Amoss,  H.  L.,  and  Wollstein,  M.,  Jour.  Exper,  Med.,  1916,  xxiii,  403. 
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are  subject  to  therapeutic  influences  through  antisera  only  when 
correspondence  exists  between  the  infecting  t3rpe  of  microorganism 
and  the  particular  specific  antibodies  present  in  a  serum.  Pre- 
sumably,  chemical  agents  being  less  specific  would  be  less  restricted 
in  their  effects,  and  might  be  expected  to  act  quite  irrespective  of  the 
type  of  meningococcus  causing  the  infection. 

Wolff*  has  recently  recommended  the  employment  of  protargol  in 
the  treatment  of  epidemic  meningitis,  basing  the  recommendation  of 
its  use  on  eight  cases,  of  which  five  recovered.  The  point  of  de- 
parture in  the  selection  and  administration  of  protargol  was  the 
successful  employment  of  so  called  colloidal  silver  preparations  in  the 
treatment  of  gonorrhea,  and  the  close  relationships  as  regards  con- 
ditions of  culture,  survival,  and  reaction  to  antiseptics  subsbting 
between  gonococd  and  meningococci.  It  is  conceded  by  Wolff  that 
because  of  the  highly  variable  clinical  coiurse  of  epidemic  meningitis, 
the  nimiber  of  cases  which  he  repK)rts  is  too  small  to  permit  of  the 
drawing  of  any  conclusions  regarding  the  therapeutic  efficiency  of 
the  chemical.  He  believes,  however,  that  it  is  at  least  innocuous  and 
can,  therefore,  be  administered  with  the  assurance  that  if  it  is  not 
curative,  it  will  do  no  harm. 

The  first  method  of  direct  chemical  treatment  of  epidemic  meningitis 
to  receive  considerable  attention  was  that  in  which  lysol  was  employed. 
The  method  was  introduced  in  Lisbon  during  the  epidemic  which 
prevailed  there  in  the  first  years  of  the  present  century,  and  was 
briefly  reported  on  by  Seager*  in  1902.  Following  Seager's  report, 
lysol  was  tested  in  the  course  of  the  epidemic  from  which  Greater 
New  York  was  suffering  at  the  time.*  This  epidemic  continued 
for  several  years  and  led  to  the  working  out  of  the  serum  treatment, 
but  at  that  early  date  no  specific  means  of  combating  the  disease  was 
known. 

It  is  remarkable  and  instructive  to  consider  that  in  these  in- 
stances, namely,  the  one  relating  to  lysol  and  the  other  to  protargol, 
what  appeared  to  be  preliminary  success  was  achieved  by  the  chemical 
treatment.    Wider  experience,  however,  led  to  the  abandonment  of 

'  Wolff,  G.,  Deuisck.  med,  Wchnschr,,  1915,  zli,  1486. 

»  Seagcr,  H.  W.,  Lancet,  1902,  ii,  1188. 

*  Manges,  M.,  Med.  News,  1904,  Ixxziv,  913. 
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the  lysol  treatment.  In  the  meantime,  knowledge  has  been  gained 
and  methods  perfected  through  which  the  value  of  a  proposed  form 
of  treatment  of  epidemic  meningitis  can  be  determined  experi- 
mentally in  animals,  with  a  degree  of  accuracy  exceeding  that  based 
on  clinical  and  limited  statistical  observations  on  human  beings. 

It  happens  that  epidemic  meningitis  in  man  is  a  highly  variable 
disease.  The  severity  fluctuates  between  clinical  conditions  so  slight 
as  to  justify  the  term  abortive  being  applied  to  certain  cases,  and  at 
other  times  so  severe  (fulminant)  as  to  cause  death  swiftly,  and  some- 
times witii  the  first  appearance  of  symptoms.  Hence  tiie  mortaUty 
percentage  of  the  disease  varies  in  different  epidemics  and  places. 
To  determine  approximately  what  the  effects  of  varying  modes  of 
treatment  are  it  is  necessary  to  compare  coincidentiy  treated  and 
untreated  cases  of  sufficient  number.  A  definite  result  is  therefore 
obtained  only  after  some  time,  and  by  comparing  figures  obtained  in 
different  localities  and  over  a  comparatively  long  period  of  time.  So 
long  as  the  figures  based  on  small  local  observations  alone  are  avail- 
able, no  final  deduction  can  be  made. 

The  employment  of  animals  for  the  test  is  free  of  the  uncertainty 
of  the  statistical  method.  The  dosage  of  the  culture  of  menin- 
gococcus can  be  adjusted  to  produce  the  result  desired.  Then  the 
effect  and  the  manner  of  the  therapeutic  action  can  be  accurately 
ascertained.  Tests  of  this  kind  have  been  made  with  protargol  and 
for  comparison  with  lysol  and  with  serum,  with  results  unfavorable 
to  the  chemical  treatment. 

EXPERIMENTAL. 

The  experimental  studies  on  epidemic  meningitis  carried  out  during 
the  past  10  years  have  shown  two  kinds  of  animals  to  be  suitable  for 
determining  the  pathogenic  action  of  meningococci  and  the  effects 
of  therapeutic  agents  in  meningococdc  infection.  The  animals  are 
monkeys'  and  yoimg  guinea  pigs.®  While  the  age  of  the  monkeys 
seems  not  to  matter,  older  guinea  pigs  are  highly  resistant  to  menin- 
gococdc infection.    The  cultures  of  meningococci  are  injected  into 

*  Flexner,  S.,  Jour.  Exper.  Med.,  1907,  ix,  142. 

•  Flexner,  S.,  Jour.  Exper.  Med.,  1907,  ix,  168. 
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the  peritoneal  cavity  in  the  guinea  pigs  and  into  the  subarachnoid 
space  in  the  monkeys,  in  the  latter  by  means  of  lumbar  puncture.  The 
injected  meningococci  set  up  local  inflammations  in  the  exudate 
attending  which  the  fate  of  the  microorganism  can  be  followed  pre- 
cisely, as  in  human  cases  of  epidemic  meningitis  in  which  the  cere- 
brospinal fluid  is  removed  from  time  to  time  by  lumbar  puncture. 

The  changes  occurring  in  the  meninges  or  the  peritoneum  vary  with 
the  activity  and  the  dose  of  the  culture.  Non-virulent  cultures  are 
quickly  phagocyted,  no  considerable  multiplication  takes  place,  and 
the  inoculated  animals  show  few  or  no  symptoms  and  recover  fully  in 
24  hours.  Active  cultures  multiply,  are  imperfectly  phagocyted, 
and  cause  death  according  to  the  virulence  and  dose  in  6  to  8  to  12 
hours  in  guinea  pigs,  and  in  20  to  48  hours  in  monkeys.  At  autopsy 
living  meningococci  are  present  in  the  peritoneal  or  meningeal  exudate 
and  in  the  blood.  Film  preparations  show  meningococci  free  and 
phagocyted  also  in  the  peritoneal  fluid  and  more  numerously  in  the 
omentum  of  the  guinea  pig,  and  both  free  and  phagocyted  in  the 
exudate  m  the  pia-arachnoid  membranes  of  the  monkey. 

In  carrying  out  the  experiments  a  virulent  strain  of  the  meningo- 
coccus (Isadore)  was  employed.  Tests  made  to  determine  the  optimum 
period  of  growth  at  which  to  employ  the  culture  indicated  it  to  be 
after  about  18  hours'  incubation  at  37°C.  Sheep  serum  dextrose 
agar  was  used  as  a  medixmi.  Growths  24  hours  old  infected  far  more 
irregularly  than  those  18  hours  old.  The  reason  for  the  disparity  is 
found  in  the  spontaneous  degeneration  of  the  culture,  which  probably 
has  already  begim  at  18  hours,  and  can  be  detected  by  microscopic 
examination  at  22  hours.  In  the  guinea  pigs  it  was  found  in  this 
instance,  as  already  described,*  that  consistent  results  are  best  at- 
tained by  employing  one  minimal  lethal  dose  of  the  culture.  In  this 
way,  lack  of  protective  power  is  made  to  assert  itself  readily,  while 
the  existence  of  protective  power  is  easily  demonstrated  and  can  be 
further  investigated.  In  monkeys  the  infecting  dose  is  easily  de- 
termined, although  the  fatal  dose  is  established  less  readily.  While 
these  animals  were  used  sparingly,  the  protocol  in  each  instance 
indicates  the  outcome  of  the  therapeutic  test  compared  with  the 
control.    Besides  the  result  based  on  death  or  sxu:vival,  the  changes 
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taking  place  in  the  cerebrospinal  fluid  as  followed  by  lumbar  pimc- 
ture,  and  the  clinical  course  of  the  experimental  disease,  to  a  less 
definite  degree,  are  also  valuable  indications  of  the  action  of  the 
therapeutic  agent. 

Tests  with  Guinea  Pigs. 

The  guinea  pigs  ranged  in  weight  from  90  to  110  gm.  The  in- 
jections were  intraperitoneal.  The  protargol  was  employed  in  0.2 
per  cent  strength,  prepared  by  suspending  the  dried  powder  in  sterile 
distilled  water.  The  cultures  of  meningococci  on  sheep  serum  agar 
after  18  hours'  incubation  were  suspended  in  sterile  salt  solution,  and 
injected  either  inmiediately  or  after  such  intervals  as  are  indicated  in 
the  separate  experiments.    The  dose  was  one  m.l.d. 


TABLE  I. 
Experiment  1,    Toxicity  of  Protargol. 


Weigiit 
of  guinea  pig. 

Quantity  of  suspension  injected. 

Result. 

gm. 

■ 

90 

0.3  cc.  +  0.7  cc.  water. 

Survived. 

90 

0.5  "   +0.5  "      " 

t€ 

90 

1.0  "   +1.0  "      " 

ti 

90 

2.0  "   +2.0  "      " 

Died  in  38  hn. ' 

The  tests  shown  in  Table  I  may  be  taken  to  indicate  that  the  toxic 
dose  of  protargol  for  yoimg  guinea  pigs  is  well  above  the  dose .  em- 
ployed for  therapeutic  purposes. 

Experiment  2.  Therapeutic  Tests  of  Protargol  Intraperitoneally  in  the  Gukua 
Pig. — One  m.l.d.  of  living  culture  in  a  total  volume  of  1  cc.  was  injected  intraperi- 
toneally into  young  guinea  pigs.  The  amoimt  of  0.2  per  cent  protargol  suspension 
given  was  made  up  to  1  cc.  with  sterile  water  and  injected  at  the  time  indicated 
in  Table  U. 
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TABLE  n. 


Weight 
of  guinea  pig. 

Dose  of  piotatgol 
suspension. 

Time  of  adminiitntioB. 

Result. 

gm. 

ec. 

110 

0.5 

Immediately. 

Death 

in  12  hrs. 

110 

0.5 

(« 

u  21   « 

95 

0.5 

t< 

"  15  " 

100 

0.5 

u 

"  10  •• 

99 

0.1 

u 

t€       g     U 

82 

0.1 

a 

u  19    u 

82 

0.1 

It 

a   11    u 

100 

0.5 

After  15  min. 

"  12  " 

110 

0.7 

"     15    " 

«     g    u 

100 

0.5 

"      1  hr. 

a  10    « 

75 

0.1 

((      1    « 

"  15    " 

75 

0.1 

<i      1    « 

u  ig    u 

95 

0.25 

Mixed  with  culture,   in- 
jected after  1  hr/s  con- 
tact. 

u  25  « 

110 

1.00 

<«           «           (t 

« 

"   14  « 

This  experiment  is  conclusive  in  demonstrating  that  protargol  in 
0.2  per  cent  suspension,  the  strength  employed  by  Wolff,*  is  incapable 
of  preventing  in  guinea  pigs  the  lethal  effect  of  a  single  minimal  fatal 
dose  of  the  meningococcus,  whether  administered  combined  with  the 
culture  immediately  after  the  mixture,  or  whether  the  culture  and 
protargol  are  injected  separately  15  minutes  apart.  The  period  of 
survival  of  the  treated  animals  may  be  about  the  same  as  or  somewhat 
greater  than  the  controls.  Living  meningococci  are  always  found  in 
the  peritoneal  cavity  and  in  the  heart's  blood.  In  this  connection 
it  is  interesting  to  find  that  when  the  culture  and  protargol  suspension 
which  have  been  in  contact  for  1  hour  are  transplanted  to  fresh  sheep 
serum  agar,  no  growth  is  obtained;  while,  however,  cultures  from  the 
peritoneal  cavity  of  the  dead  animals  which  were  inoculated  with  the 
mixture  are  positive,  thus  indicating  that  the  protargol  merely  inhibits 
the  growth  of  the  meningococci,  but  may  not  destroy  them  in  1  hour's 
time.  This  observation  raises  the  question  whether  the  failure  of 
the  protargol  is  due  merely  to  its  imperfect  bactericidal  power,  or 
whether  it  depends  upon  lack  of  antitoxic  power  at  the  same  time. 
The  next  experiment  bears  on  this  consideration. 
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Experiment  3,  Therapeutic  Test  of  Protargol  with  Autolysate. — ^An  autolysate'  of 
the  meningococcus  was  prepared  in  the  usual  way  by  suspending  the  culture  in 
salt  solution,  adding  toluene,  incubating,  allowing  the  toluene  to  evaporate,  and 
centrifugalizing.  The  dear  supernatant  fluid  was  employed.  The  autolysate 
and  protargol  suspensions  were  mixed  and  immediately  injected,  as  shown  in 
Table  m. 

TABLE  m. 


Weishtof 
guinea  pig. 

DoM  of  autolysate. 

Dose  of  suqiension  of 
0.2%  protargol. 

Reililt. 

{Ufa 

90 
100 
110 

0.25  CC.  in  1  CC.  salt  solution. 
0.25  "  "  1  "     "         " 
0.25  "  "  1  "     "         " 

None. 
0.5  cc. 
1.0  " 

Died  in  7  hrs. 
"    during  night. 

U            it               u 

This  experiment  indicates  that  protargol  does  not  exhibit  pro- 
nounced antitoxic  properties,  although  a  delay  was  noted  in  the  fatal 
issue  in  the  animals  in  which  it  was  given. 


Mechanism  of  the  Action  of  Protargol  and  of  Antiserum. 

In  canying  out  the  above  tests  which  were  made  on  several  differ- 
ent occasions,  control  observations  with  antimaningococcic  horse 
serum  were  also  made.  The  quantity  of  serum  administered  was 
0.5  CC,  and  in  every  one  of  the  six  instances  in  which  the  antiserum 
was  given  the  animal  survived.  The  antiserum  was  also  injected 
in  association  with  the  protargol,  without,  however,  preventing  a  fatal 
issue.  On  the  other  hand,  the  antiserum  influences  directly  the 
mechanism  of  action  of  protargol,  although  unable  apparently  to 
overcome  wholly  some  injurious  effect  which  it  exerts.  The  next 
experiment,  therefore,  was  devised  to  bring  out  definitely  the  mechan- 
ism of  action  of  the  protargol  in  comparison  with  the  manner  of 
action  of  the  antiserum. 

Experiment  4.  Mechanism  of  the  Action  of  Protargol. — Four  guinea  pigs, 
ranging  in  weight  from  90  to  110  gm.,  were  employed.  Besides  the  inoculation 
of  meningococci,  one  of  them  received  immediately  0.5  cc.  of  a  suspension  of 
0.2  per  cent  protargol  alone;  the  second  received  0.5  cc.  of  antiserum  alone;  and 

^  Flexner,  S.,  Jour.  Exper.  Med.,  1907,  ix,  105. 
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the  third  0.5  cc.  of  a  suspension  of  protargol  and  0.5  cc.  of  antiserum  in  immedi- 
ate succession.  The  fourth  animal  received  only  the  culture.  AU  were  chlozo- 
formed  at  the  expiration  of  6  hours,  at  which  time  the  control  animal  was 
prostrate  and  the  others  were  definitely  ill. 

The  autopsies  were  made  at  once  and  the  distribution  of  meningococci  in  the 
abdominal  cavity  studied  by  means  of  cultures  and  film  preparations,  and  In  the 
blood  of  the  heart  by  cultures  alone. 

Guinea  Pig  1.  Protargol  Alone. — ^Two  drops  of  the  blood  of  the  heart  were  laked 
in  0.5  cc.  of  sterile  water  and  plated  in  sheep  serum  agar.  The  colonies  numbered 
about  2,000.  Two  drops  of  the  slightly  turbid  peritoneal  fluid  were  similarly 
plated.  The  colonies  numbered  about  2,000.  The  film  preparations  from  the 
fluid  in  the  abdominal  cavity  showed  niunerous  scattered  meningococci  and  a 
notable  absence  of  polynudear  cells,  and  the  omentum  showed  scattered  free 
meningococci  and  polynudear  leukocytes,  of  which  a  very  small  niunber  contained 
diplococd,  the  leukocytes  themsdves  staining  feebly  and  appearing  degenerated. 

Guinea  Pig  2.  Antiserum  Alone. — ^Two  drops  of  the  heart's  blood  were  treated 
as  in  No.  1.  No  colonies.  Two  drops  of  the  somewhat  turbid  peritoneal  fluid 
gave  about  2,500  colonies.  Film  preparations  of  the  peritoneal  fluid  showed 
numerous  well  preserved  polynudear  leukoc3rtes  containing  many  meningo- 
cocci, while  the  extracellular  diplococd,  small  in  niunber,  were  arranged  in  small 
dtunps.  The  film  preparations  from  the  omentum  exhibited  many  more  leu- 
kocytes, most  of  which  were  filled  with  meningoccoci  in  various  stages  of  dis- 
integration, the  leukocytes  themsdves  appearing  in  normal  condition.  A  few 
extracellular  agglutinated  meningococd  were  also  present. 

Guinea  Pig  J.  Protargol  and  Antiserum, — ^Two  drops  of  the  heart's  blood 
yidded  one  colony,  and  two  drops  of  the  dear  peritoneal  fluid  about  150  colonies. 
Film  preparations  of  the  peritoneal  fluid  showed  a  smaller  number  of  diplococd 
than  in  either  of  the  preceding  animals.  Polynudear  leukocytes  were  present, 
but  in  far  smaller  number  than  in  No.  2,  and  many  were  degenerated  and  had 
rardy  phagocyted  the  diplococci.  Such  meningococci  as  were  present  at  all  were 
agglutinated.  The  films  from  the  omentum  showed  somewhat  larger  numbers  of 
degenerated  polynudear  cells,  of  which  a  part  contained  meningococci,  and  quite 
numerous  free,  single  and  dumped  diplococd. 

Guinea  Pig  4,  Control, — Two  drops  of  the  heart's  blood  gave  about  2,000 
colonies,  and  two  drops  of  the  dear  peritoneal  fluid  innxunerable  colonies.  Con- 
gestion of  the  peritoneal  organs  was  more  marked  in  this  animal  than  in  the  others. 
Film  preparations  of  the  peritoneal  fluid  showed  a  very  large  number  of  particularly 
well  preserved  meningococci,  but  no  polynudear. leukoc3rtes,  and  those  of  the 
omentum  showed  a  similar  condition.  The  absence  of  polynudear  cdls  from  the 
latter  structiure  is  particularly  noteworthy. 

This  experiment  confirms  the  observation  made  upon  the  guinea 
pigs  treated  with  protargol  which  were  allowed  to  succumb.    Its 
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significance  is  clear.  Protargol  has  some  power  to  cause  dissolution 
of  the  meningococci  with  which  it  comes  in  contact,  but  does  not 
destroy  all.  A  later  increase  occurs  and  invasion  of  the  blood  stream 
takes  place.  Probably  the  injurious  action  of  the  protargol  arises 
from  its  antileukotactic  properties,  for  it  causes  degeneration  of  the 
pol3muclear  leukocytes  and  prevents  phagocytosis,  both  in  vivo  and 
in  vitro. 

This  particular  action  of  the  protargol  is  rendered  obvious  at  once 
on  comparison  with  the  manner  in  which  the  antiserum  acts.  In 
this  instance  there  is  a  diversion  of  polynuclear  leukocytes  in  large 
numbers  to  the  peritoneal  cavity  and  an  acceleration  of  phagocytosis. 
Hence  at  a  period  at  which  many  Kving  meningococci  are  still  present 
in  the  abdominal  cavity,  practically  no  escape  is  taking  place  into 
the  general  blood  stream.  The  addition  of  the  antiserum  to  the  pro* 
targol  obviates  partially  the  antileukotactic  effect  of  the  latter, 
but  does  not  completely  overcome  it,  because  of  the  injury  inflicted 
by  the  chemical  on  the  leukocytes  brought  out  by  the  antiserum. 

Protargol  is,  therefore,  bactericidal  for  the  meningococcus,  as  for 
the  gonococcus,  through  direct  chemical  action,  but  it  is  not  curative  in 
meningococdc  infection  in  the  guinea  pig,  because  being  confined  with- 
in the  abdominal  cavity  it  exerts  a  passive  chemotacticand  antiphag- 
ocytic influence  on  the  polynuclear  cells  which  are  themselves  in- 
jured and  destroyed  through  its  action.  Thus  the  imperfect  bacteri- 
cidal effect  is  inadequate  to  control  infection,  while  the  antileukotactic 
action  is  itself  harmful  and  promoting  of  infection.  Moreover,  the 
masses  of  protargol  are  themselves  taken  up  by  leukocytes,  to  be  trans- 
pK>rted  doubtless  to  organs  in  which  the  substance  may  remain 
indefinitely. 

Tests  with  Monkeys. 

The  inoculation  of  virulent  meningococci  into  the  subarachnoid 
space  in  monkeys  causes-  an  acute  inflammation  which  extends 
throughout  the  meninges  and  into  the  cerebral  ventricles.  Depend- 
ing upon  the  pathogenic  power  and  the  dose,  the  animal  which  de- 
velops symptoms  within  a  few  hours  may  die  within  24  hours  or  may 
recover.  According  as  one  or  the  other  result  is  obtained,  the  menin- 
gococci multiply  and  are  imperfectly  phagocyted,  or  they  increase  little 
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and  are  perfectly  phagocyted.  The  cerebrospinal  fluid  at  first  remains 
clear,  then  becomes  turbid  with  emigrated  polynuclear  leukocytes; 
finally  it  may  again  become  clear.  A  blood  invasion  often  follows 
within  a  few  hours  of  the  inoculation,  but  is  rarely  present  at  the  end, 
even  in  fatal  cases. 

Experiment  5.  Control, — ^A  Macacus  rhesus  was  injected  at  11  a.m.  intra- 
spinally  with  2  cc.  of  a  salt  solution  suspension,  representing  li  agar  riant  cul- 
tures of  meningococcus,  the  strain  being  the  same  as  that  used  in  the  experiments 
on  the  guinea  pigs.  5.00  p.m.,  animal  sick.  Lumbar  puncture  yielded  a  fluid 
already  turbid,  giving  positive  culture  and  showing  on  films  many  meningococci, 
few  leukocytes,  and  little  phagocytosis.  Blood  taken  from  arm  vein  gave  posi- 
tive cultures.  9.00  a.m.  the  next  day,  prostrate.  Lumbar  puncture  yielded 
highly  turbid  fluid,  giving  positive  cultures  and  films  in  which  leukocytes  were 
nmnerous  and  of  which  many  contained  meningococci;  free  diplococci  were  also 
present.    Death  at  3.30  p.m.    Survived  20i  hours. 

Autopsy, — The  membranes  of  the  brain  and  spinal  cord  showed  turbid  fluid  and 
congestion.  The  cultures  and  film  preparations  confirmed  previous  findings. 
Both  intra-  and  extracellular  meningococci  were  present.  Cultures  positive. 
Cultures  of  heart's  blood  negative. 

Sections  from  the  brain  and  spinal  cord  show  an  acute  fibrinopurulent 
meningitis,  most  pronounced  over  the  convex  surface  of  the  brain.  The  ventrides 
are  involved  slightly.  Many  diplococci  are  present  in  the  exudate  and  are  con- 
tained chiefly,  if  not  wholly  within  leukocytes. 

Experiment  6,  Treatment  with  Antimeningococcic  Horse  Serum, — ^8.30  a.m.,  a 
Macacus  rhesus  received  intraspinally  an  injection  of  a  suspension  of  meningococci 
as  in  Experiment  5.  12.30  p.m.,  lumbar  puncture  yielded  cloudy  fluid,  giving 
positive  cultures.  Films  showed  numerous  meningococci,  pus  cells,  and  phago- 
cytosis already  present.  The  culture  from  the  heart's  blood  was  negative.  2  cc. 
of  antiserum  were  injected.  4.30  p.m.,  animal  appeared  well;  lumbar  puncture 
yielded  turbid  fluid,  giving  positive  culture  and  showing  in  the  film  maiked 
phagocytosis  and  agglutination  of  all  extracellular  meningococci.  8.30  p.m., 
active.  28  hours  after  the  inoculation  the  animal  appeared  well;  lumbar 
puncture  yielded  a  turbid  fluid  which  gave  a  negative  culture.  The  films  showed 
many  leukocytes,  some  containing  meningococci  and  very  few  extracellular 
diplococci.  A  number  of  endothelial  cells  and  lymphocytes  were  present.  The 
animal  remained  well. 

Experiment  7.  Treatment  with  Protargol, — 8.30  am.,  a  Macacus  rhesus 
received  an  equal  part  of  a  suspension  of  the  culture  used  in  the  previous  experi- 
ments. 12.30  p.m.,  little  change  in  condition.  Liunbar  puncture  3delded  a  doudy 
fluid,  from  which  cultures  were  positive  and  films  show  many  leukocjrtes  and  wdl 
advanced  phagocytosis  of  meningococd;  some  free  meningococd  were  also  pres- 
ent.   Injected  2  cc.  of  0.2  per  cent  protargol  suspension.    2.30  p.m.,  animal 
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lying  down, drowsy,  surface  cold,  limbs  spastic.  4.00  p.m.,  respiration  rapid,  slight 
convulsion  recurring  frequently.  Blood  withdrawn  at  this  time  gave  a  positive 
culture.    4.30  p.m.,  died.    Survived  8  hours. 

Autopsy, — ^No  lesions  were  found  outside  the  cerebrospinal  membranes.  The 
meninges  contained  an  excess  of  almost  clear  fluid.  No  marked  congestion. 
Cultures  from  the  meninges  of  the  brain  and  spinal  cord  yielded  luxuriant  growth. 
Films  showed  a  large  niunber  of  meningococci,  both  intra-  and  extracellular, 
and  a  widespread  degeneration  and  even  disintegration  of  leukocytes.  The 
meningococci  stain  sharply  and  deeply.  The  choroid  plexus  of  the  lateral 
ventricle  and  the  meninges  of  the  olfactory  lobes  gave  results  similar  to  those  of 
the  other  membranes.  Cultures  from  the  heart's  blood  were  positive.  Moreover, 
cultures  prepared  from  the  nasal  mucosa  yielded,  among  other  bacteria,  tjrpical 
meningococci,  possessing  identical  agglutination  reactions  with  the  strain  em^ 
ployed  for  inoculation. 

The  microscopic  examination  of  sections  from  the  central  nervous  organs 
shows  many  pus  cells,  with  here  and  there  red  corpuscles,  and  no  fibrin.  The 
number  of  meningococci  present  is  very  large.  Some  degree  of  phagocytosis 
exists;  but  a  striking  phenomenon  is  the  packing  of  l3rmph  spaces  with  innumer- 
able diplococci.  They  invade  the  pial  spaces,  infiltrate  the  superficial  layers 
of  the  cerebral  cortex,  and  follow  the  perivascular  spaces  for  some  distance 
into  the  cortex.  Certain  coagula  of  red  and  white  corpuscles  within  the  central 
ventricles  also  enclose  diplococci. 

A  compaxison  of  the  results  in  the  three  monkeys  inoculated  with 
meningococci  and  left  in  one  case  untreated,  and  in  the  others  treated 
either  with  antiserum  or  protargol,  is  imfavorable  to  the  treatment 
with  protargol.  The  untreated  or  control  animal  succumbed  imder 
conditions  indicating  definite  if  inadequate  reaction  against  and 
resbtance  to  the  infection.  The  serum-treated  animal  was  already 
ill  when  the  antisenun  was  administered,  the  effect  of  which  was  to 
disperse  almost  immediately  all  the  symptoms  and  lead  to^  prompt 
recovery,  coincidently  with  the  removal  by  phagocytosis  of  tihe  men^ 
ingococd.  The  third  monkey  exhibited  practically  no  symptoms  4 
hours  after  the  inoculation  when  the  protargol  was  given,  but  pros- 
tration and  rapid  intensification  of  symptoms  foUowed  almost  im- 
mediately. Death  occurred  4  hours  later.  The  causes  of  the  un- 
favorable results  are  to  be  sought  in  the  two  or  three  main  effects  of 
the  protargol:  (a)  on  the  leukocytes,  which  already  present,  were 
greatly  injured;  (6)  on  the  meningococci,  which  doubtless  were  also 
affected  through  direct  bactericidal  action  from  which  toxic  sub- 
stances were  set  free;  and  {c)  finally  on  removal  of  all  restraint  to 
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multiplication  of  surviving  diplococci,  since  the  immense  numbers 
present  in  the  lymph  spaces  as  well  as  in  the  exudate  indicate  rapid 
growth. 

A  repetition  of  the  experiment  in  which  protargol  was  used  was  made 
in  Experiment  8. 

Experiment  S.  Treatment  with  Protargol, — 11.15  am.,  a  Macacus  rhesus 
received  intraspinal  inoculation  of  one  agar  slant  culture,  18  hours  old.  3.15  p.m.^ 
slightly  ill;  on  perch.  Lumbar  puncture  yielded  doudy  fluid;  culture  positive. 
Films  showed  few  leukocytes  and  many  free  meningococci.  Injected  2  cc,  of  0.2 
per  cent  protargol  suspension.  4.00  p.m.,  animal  prostrate  and  spastic.  5.00  p.m., 
refused  to  rise.    Died  5.00  a.m.  next  day.    Survived  18  hoiirs. 

Autopsy. — ^No  obvious  visceral  lesions  outside  the  central  nervous  system. 
Turbid  fluid  in  meninges,  especiaUy  evident  in  suld  of  cerebralconvolutions.  The 
general  gray  color  of  the  cortex  was  about  normal,  but  two  symmetrical  rectan- 
gular areas  measuring  2  by  4  cm.  were  deeply  congested  and  contained  petechial 
liemorrhagic  spots.  They  lay  anterior  and  posterior  to  the  fissure  of  Sylvius 
and  extended  to  the  midparietal  sulcus  comprising  the  ascending  and  inferior 
marginal  convolutions.  A  few  separate  hemorrhages  existed  in  the  first  temporal 
lobe,  and  the  congestion  and  hemorrhages  appeared  to  be  confined  to  the  gray 
matter.  Cultures  from  the  heart's  blood  and  from  several  levds  of  the  spinal 
cord  and  different  surfaces  of  the  brain  were  positive  for  the  meningococcus. 
Film  preparations  showed  many  diplococd,  few  if  any  leukocytes,  and  little 
phagocytosis.  Impression  films  prepared  from  the  congested  area  of  the  brain 
contain  scattered  meningococci,  few  leukocytes,  and  almost  no  phagocytosis. 

Sections  from  the  brain  show  edema  of  and  many  leukoc3rtes  and  red  corpusdes 
within  the  meninges.  The  axudate  contains  many  diplococd,  both  extra-  and 
intracellular.  In  places  the  diplococd  extend  into  the  superficial  layer  of  the 
cortex  and  slightly  into  the  perivascular  l3anph  spaces.  These  are  far  less  numer- 
ous than  in  the  8  hour  specimens.  The  affected  cortex  is  congested  and  is  the  seat 
of  many  hemorrhages  of  varying  size.  The  escape  of  blood  is  partly  into  the 
tissues  and  partly  into  the  perivascular  lymphatics.  There  is  no  obvious  spedal 
rdation  between  the  hemorrhages  and  the  diplococd. 

A  control  for  this  monkey  which  received  an  identical  qujantity  of 
an  18  hour  culture  was  made  ill,  but  recovered  without  treatment  and 
following  the  spontaneous  phagocytosis  of  the  meningococd. 

The  differences  in  general  disadvantageous  to  the  protargol  arose 
also  in  instances  in  which  neither  the  untreated  control  nor  the 
treated  monkeys  succumbed.  In  these  instances  cultures  24  hours 
old  were  employed.  The  symptoms  set  in  more  slowly  than  when  18 
hour  cultures  were  used  and  became  less  severe,  abating  wholly  later. 
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But  the  monkeys  given  protargol  suffered  intensification  of  the  symp- 
toms ahnost  immediately  after  the  injection  and  recovered  much 
more  slowly  than  the  untreated  animals.  In  conformity  with  this 
fact  it  was  foimd  that  the  meningococci  survived  longer  in  the  cere- 
brospinal fluid  in  the  treated  animals  than  in  the  control.  A  single 
exp>eriment  is  given  to  bring  out  the  distinction  mentioned. 

Experiment  9.  CotUroL — 8.50  a.m.,  a  Macacus  rhesus  received  an  intraspinal 
inoculation  of  If  agar  slant  cultiures  of  meningococci.  2.50  p.m.,  slightly  ill. 
Turbid  lumbar  puncture  fluid  gave  growth.  The  films  showed  numerous 
leukocytes,  few  meningococci,  and  little  phagocytosis.  Blood  cultures  wete 
negative.  The  symptoms  progressed  slowly  and  never  became  severe.  24  hours 
after  inoculation,  the  animal  was  still  ill,  but  improving.  Lumbar  puncture 
yielded  turbid  fluid,  which  gave  negative  cultures.  Film  preparation  of  the  fluid 
showed  numerous  leukocytes  and  few  meningococci  all  within  phagocytes.  With- 
in another  24  hours  the  animal  had  recovered. 

Experiment  10,  Treated. — 8.30  a.m.,  a  Macacus  rhesus  received  intra- 
spinally  li  agar  slant  cultures.  12.30  p.m.,  ill.  The  turbid  lumbar  puncture 
fluid  gave  positive  cultures.  The  film  showed  many  leukocytes,  few  meningo- 
cocci, and  slight  phagocytosis.  Injected  1  cc.  of  0.2  per  cent  protargol  suspension. 
1.30  p.m.,  very  ill.  5.00  p.m.,  condition  unchanged;  blood  culture  positive. 
Turbid  lumbar  puncture  fluid  gave  positive  cultures.  Film  showed  many  leuko- 
cytes, of  which  some  contained  meningococci;  many  extracellular  meningococci 
also.  10.00  p.m.,  animal  lying  on  bottom  of  cage;  aroused  with  difficulty.  24 
hours  after  inoculation,  improving.  Turbid  lumbar  puncture  of  fluid  still  showed 
intra-  and  extracellular  diplococci.  No  growth  was  obtained  in  culture.  At  the 
expiration  of  another  24  hours,  the  animal  had  still  further  improved,  but  several 
dajrs  elapsed  before  recovery  was  complete. 

Effects  of  Lysol, 

The  fact  has  already  been  mentioned  that  lysol  has  been  em- 
ployed in  the  treatment  of  epidemic  meningitis  with  at  first,  as 
was  supposed,  beneficial  results.  Although  a  wider  employment 
led  very  soon  to  its  abandonment,  yet  the  outcome  of  the  stud- 
ies of  protargol  suggested  determining  also  the  manner  in  which 
lysol  acts.  For  this  purpose  small  guinea  pigs  were  employed.  Two 
sets  of  tests  were  made:  one  in  which  the  inoculated  animals  were 
allowed  to  succumb,  the  other  in  which  they  were  chloroformed  at 
the  expiration  of  6  hours,  in  order  to  ascertain  just  what  changes  were 
taking  place  in  the  peritoneal  cavity.    The  lysol  was  employed  in 
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1  per  cent  solution,  which  was  the  strength  used  in  human  cases  of 
meningitis.  The  injection  was  made  immediately  following  the 
injection  of  the  culture,  both  being  given  into  the  peritoneal  cavity 
(Table  IV). 


TABLE  IV. 


Experiment  11.    Therapeutic  Test  of  Lysol, 


Weight 
of  guinM  pig. 

Quantity  of  cultuxe 
inoculated. 

Treatment. 

Remit. 

gm. 
100 

1  m.Ld. 

None  (control). 

Died  in  lOi  his. 

100 

1      " 

1  cc.  lysol  (control). 

Survived. 

100 

1      " 

0.5  cc.  lysol. 

Died  in  7  hrs. 

100 

1      « 

O.Scc.  lysol -f   O.S   cc. 
antiserum. 

«     "32    " 

100 

1      " 

0.25  cc.  lysol  +  0.5  cc. 
antiserum. 

u     a  20    " 

100 

i      " 

0.5  cc.  lysol. 

M         W  J2      ** 

Guinea  Pig  i.  Control. — ^Peritoneal  fluid  dear.  0.05  cc.  plated  gave  innumer- 
able colonies  of  meningococci,  as  did  the  same  quantity  of  heart's  blood. 
Films  of  peritoneal  fluid  showed  enormous  numbers  of  meningococci,  but  no 
cells.  Films  from  the  omentum  showed  extremely  few  leukocytes  containing 
meningococci. 

Guinea  Pig  2. — Considerable  amount  of  clear  peritoneal  fluid.  0.05  cc.  plated 
gave  innumerable  colonies.  Same  amount  from  heart's  blood  gave  250  colonies. 
Films  of  the  peritoneal  fluid  showed  large  numbers  of  diplococci,  well  preserved 
but  agglutinated  into  small  clumps.  No  leukocytes  present.  Films  of  the  omen- 
tum showed  a  considerable  number  of  leukocytes,  many  containing  diplococd 
and  many  extracellular  diplococd  agglutinated. 

Guinea  Pig  3. — ^Very  small  amount  of  turbid  peritoneal  fluid.  0.05  cc.  plated 
gave  innumerable  colonies.  Same  quantity  of  heart's  blood  gave  200  colonies  of 
meningococd.  Films  of  peritoneal  fluid  showed  numerous  leukocytes  filled  with 
diplococd,  and  large  numbers  of  diplococd  arranged  in  small  dumps  remaining 
extracellular. 

Guinea  Pig  4. — ^Small  amount  of  turbid  peritoneal  fluid.  0.05  cc.  plated  gave 
1,000  colonies.  Same  quantity  of  heart's  blood  gave  no  colonies.  Films  of  peri- 
toneal fluid  showed  niunerous  leukocytes,  some  staining  badly,  many  containing 
diplococd,  and  a  considerable  number  of  small  clumps  of  extracellular  diplococd, 
some  partly  disintegrated.  Films  of  the  omentimi  showed  more  phagocytosis 
and  a  smaller  number  of  extracellular  diplococd. 

Guinea  Pig  5. — A  considerable  amount  of  turbid  peritoneal  fluid.  0.05  cc. 
plated  gave  innumerable  colonies,  as  did  the  heart's  blood.    Films  of  the  peri« 
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toneal  fluid  showed  many  leukocytes  and  a  small  amount  of  phagocytosis,  besides 
extracellular  clumps  of  diplococd.  Films  of  the  omentum  showed  more  phago- 
cytosis than  the  peritoneal  fluid  and  a  larger  nimiber  of  leukocytes,  besides 
extracellular  diplococd. 

Guinea  Pig  6. — ^A  considerable  amount  of  turbid  peritoneal  fluid.  0.05  cc. 
plated  gave  innumerable  colonies,  as  did  the  heart's  blood.  Films  of  the 
peritoneal  fluid  showed  nxmierous  leukocytes,  a  small  amount  of  phagocytosis, 
and  numerous  dumped  extracellular  diplococd.  Films  of  the  omentum  showed 
numerous  leukocytes,  slight  phagocytosis,  and  extracellular  diplococd  occurring 
in  dumps. 

Mechanism  of  the  Action  of  Lysol. 

The  mode  of  the  action  of  lysol  was  studied  by  inoculating  three 
young  guinea  pigs  with  one  minimal  lethal  dose  of  culture  and 
treating  them  immediately  with  1  per  cent  lysol  or  1  per  cent  lysol 
plus  antiserum,  as  indicated  in  Table  V. 

TABLE  V. 
Experiment  12. 


Weight 
of  gttiacft  pig. 

Quantity  of  cul- 
ture inoculated. 

Titatment  iminediately  after 
inoculation. 

Condition  after  6  hn. 

gm. 

100 
100 
100 

1  in.Ld. 

1  " 
1  " 

0.5  cc.  lysol +  0.5  cc.  water. 
0.25  "      "    +0.75  "       " 
0.25  "      "    +0.25  "       "     + 
0.5  cc.  antiserum. 

Dead. 
Very  sick. 

Prostrate. 

The  two  guinea  pigs  which  still  survived  were  chloroformed  and  autopsies 
performed  at  once. 

Guinea  Pig  1. — ^Peritoneal  fluid  dear.  0.05  cc.  plated  gave  innumerable 
colonies  of  meningococd.  Same  quantity  of  heart's  blood  gave  100  colonies. 
Films  of  the  peritoneal  fluid  showed  many  meningococd  and  few  leukocytes, 
there  being  almost  no  phagocytosis,  while  the  leukocytes  stained  feebly.  The 
meningococd  were  chiefly  aggregated  into  dimips  of  10  or  20  individuals.  They 
stained  as  a  rule  diffusely  and  not  sharply.  The  omentum  showed  many  more 
leukocytes,  almost  all  containing  meningococci  singly  and  in  small  dumps.  The 
phagocytes  stained  feebly. 

Guinea  Pig  2. — ^Peritoneal  fluid  clear.  0.05  cc.  gave  innumerable  colonies  of 
meningococd.  Same  quantity  of  heart's  blood  gave  about  100  colonies.  Films 
of  peritoneal  fluid  and  omentum  showed  a  condition  similar  to  No.  1. 
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Guinea  Pig  3, — Peritoneal  fluid  turbid,  gave  150  colonies  of  meningococci 
and  the  same  quantity  of  heart's  blood  gave  three  colonies.  Films  from  the 
peritoneal  cavity  showed  no  diplococd  whatever,  either  free  or  in  leukocytes,  of 
which  a  good  number  in  excellent  preservation  were  present.  Films  from  the 
omentum  showed  large  numbers  of  well  preserved  leukocytes,  of  which  a  few 
contained  meningococci,  either  sharply  stained  or  disintegrating;  extracellular 
diplococci  were  practically  absent. 

It  may  in  brief  be  stated  that  the  experiments  with  guinea  pigs  indi- 
cate that  lysol  is  antileukotactic  to  an  even  greater  degree  than  is 
protargoL  Moreover,  the  antiserum  is  capable  in  this  case  of  over- 
coming to  even  a  further  extent  the  negative  chemotactic  and  anti- 
phagocytic action  of  the  chemical.  Obviously  the  combined  toxic 
power  qi  the  chemical  and  the  disintegrating  effect  upon  the  meningo- 
cocci, notwithstanding  the  action  of  the  serum,  bring  about  a  fatal 
issue. 

DISCUSSION. 

The  results  of  the  tests  with  protargol  and  with  lysol  are  consistent. 
The  chemicals  have  shown  themselves  not  to  be  curative,  but  rather 
to  be  injurious  in  experimental  meningococdc  infection  in  guinea  pigs 
and  monkeys.  Far  from  exhibiting  power  to  convert  a  fatal  into  a 
non-fatal  issue,  they  have  shown  rather  a  reverse  tendency.  Even 
when,  as  in  certain  tests  on  monkeys,  recovery  occurred  after  employ- 
ing protargol,  the  symptoms  of  the  treated  animals  were  intensified 
as  compared  with  the  untreated  control  animals. 

The  explanation  of  the  unfavorable  effect  of  the  chemicals  is  supplied 
by  the  study  of  the  processes  occurring  in  the  peritoneum  of  guinea 
pigs  and  the  subarachnoid  space  of  monkeys.  The  key  to  recovery 
from  infection  with  the  meningococcus  is  furnished  by  the  phenomenon 
of  phagocytosis.  Whatever  means  promote  phagocytosis  under 
conditions  in  which  the  leukocytes  remain  potent,  facilitate  recovery; 
whatever  means  lead  to  the  reverse  effect  interfere  with  recovery. 
The  chemicals  have  been  shown  to  be  antileukotactic,  antiphagocytic, 
and  indeed  to  be  cell  poisons  of  considerable  power.  Hence  when 
they  are  brought  into  relation  with  the  seat  of  infection,  they  prevent 
emigration  of  leukocytes  on  an  adequate  scale,  and  they  reduce 
phagocytosis  by  such  leukocytes  as  have  entered  the  serous  cavities. 


SIMON  FLEXNER  AND  HAROLD  L.  AMOSS  699 

Moreover,  they  also  injure  and  bring  about  degeneration  of  the  leu- 
kocjrtes  themselves.     . 

The  resultant  of  this  set  of  injurious  activities  is  to  open  the  way 
for  a  free  invasion  of  the  blood  by  the  meningococci  and  for  almost 
imrestrained  multiplication  in  the  serous  cavities. 

The  chemicals  do  exert  a  direct  bactericidal  action  upon  such 
meningococci  as  come  imder  their  influence  imder  conditions  of 
suitable  concentration,  but  not  all  the  meningococci  are  thus  de- 
stroyed. Those  which  survive  multiply  almost  without  hindrance; 
while  the  absence  of  detoxicating  power  on  the  part  of  the  chemical 
permits  the  disintegration  products  of  the  destroyed  meningococci 
to  exert  their  poisonous  effect  upon  the  animal  organism. 

The  manner  of  action  of  the  chemicals  is  precisely  the  reverse  of  the 
antiserum.  The  latter  acts  leuko tactically  and  brings  into  the  in- 
fected serous  cavities  a  far  larger  number  of  leukocytes  than  would 
otherwise  appear  there  in  the  same  period  of  time.  Moreover,  by 
preparing  the  meningococci  for  phagocytosis  by  suppl3ring  opsonin 
and  by  facilitating  that  process  by  agglutinating  the  diplococd, 
the  serum  greatly  promotes  the  englobing  of  the  microorganisms. 
Finally,  through  the  possession  of  antitoxic  power  it  neutralizes 
whatever  endotoxin  may  be  liberated  by  the  disintegrating  diplococci. 

It  is,  therefore,  not  remarkable  to  find,  as  the  experiments  have 
shown,  that  the  antiserum  is  capable  of  overcoming  part  of  the 
defects  of  the  chemicals.  Because  of  its  leukotactic  and  phagocytic 
properties,  the  antiserum  removes  some  of  the  damage  which  the 
chemicals  produce  on  account  of  their  antagonism  to  those  essential 
phenomena.  But  combinations  of  the  chemical  and  the  antiserum 
have  proven  less  effective  in  combating  experimental  meningococdc 
infection  than  the  antiserum  alone,  from  which  the  deduction  may 
be  made  that  whatever  benefit  may  attach  to  effective  direct 
bactericidal  action  by  the  chemicals,  irrespective  of  the  type  of 
meningococcus  causing  the  infection,  is  lost  because  of  the  dangers 
arising  from  their  antiphagocytic  effects  and  lack  of  detoxicating 
properties. 

Doubtless  the  introduction  of  the  chemicals  into  the  subarachnoid 
space  in  man  has  been  made  without  the  imiformly  serious  conse- 
quences observed  in  our  experiments  on  animals.    The  reason  for  this 
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discrepancy  is  perhaps  obvious.  The  relative  dosage,  considering 
comparative  size  and  weight,  was  far  less  in  man  than  in  the  animals. 
Hence  it  may  be  assumed  that  the  injurious  effects,  if  any  were  pro- 
duced, were  masked.  To  assiune,  on  the  other  hand,  that  because 
no  evidence  of  imtoward  action  was  detected  in  the  treatment  with 
protargol,  and  five  out  of  eight  cases  of  epidemic  meningitis  treated 
with  that  chemical  recovered,  the  drug  has  curative  properties,  is  to 
disregard  previous  experience  with  simple  lumbar  puncture,  with 
lysol,  and  with  other  methods  of  treatment  which  for  a  time  and 
because  of  the  variable  severity  of  cases  of  epidemic  meningitis  seemed 
to  offer  encouragement.  It  is  not  probable  that  such  active  proto- 
plasmic poisons  as  protargol  and  lysol  can  be  employed  with  impunity 
for  direct  introduction  into  the  closed  cavity  of  serous  membranes, 
the  seat  of  the  meningococcic  infection. 

SUMMARY. 

Claims  of  eflSdency  have  been  made  at  two  widely  separated  periods 
for  the  chemical  treatment  of  epidemic  meningitis,  in  the  first  in- 
stance for  lysol  and  in  the  second  for  protargol.  The  use  of  lysol  was 
long  since  abandoned;  the  recommendation  for  protargol  is  based  on 
a  single  series  of  cases,  small  in  nimiber.  Because  of  the  variable 
severity  of  epidemics  of  meningitis,  small  reliance  can  be  placed  on 
results  of  treatment  limited  in  extent  to  small  numbers  of  cases  and 
to  one  locality.  A  more  imiform  and  accurate  measure  of  the  value 
of  a  method  of  treatment  is  provided  by  animals  infected  experiment- 
ally with  pathogenic  cultures  of  meningococci. 

Yoimg  guinea  pigs  respond  in  a  definite  manner  to  intraperitoneal 
inoculation  of  virulent  meningococci.  Neither  protargol  nor  lysol 
proved  to  have  any  curative  action  on  the  experimental  infection 
thus  produced  in  these  animals. 

Monkeys  respond  in  a  characteristic  manner  to  the  inoculation  of 
virulent  cultures  into  the  subarachnoid  space.  Protargol  displayed 
no  curative  action  on  the  experimental  infection  thus  produced  in 
these  animals. 

On  the  contrary,  both  lysol  and  protargol  exert  antileukotactic 
and  antiphagocytic  effects,  and  are  also  potent  protoplasmic  poisons, 
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and  the  leukocytes  with  which  they  come  in  contact  are  injured  and 
made  to  degenerate.  According  to  the  extent  to  which  these  harmful 
properties  are  exerted,  the  chemicals  promote  the  advance  rather 
than  restrain  the  progress  of  meningococdc  infection. 

Recovery  from  meningococdc  infection  in  man  and  animals  is  ac- 
complished chiefly  through  the  process  of  phagocytosis.  The  spedfic 
antiserum  acts  curatively  by  increasing  the  emigration  of  leukocytes, 
by  promoting  phagocytosis  directly,  and  by  agglutinating  the  me- 
ningococd,  and  also  by  neutralizing  endotoxin.  Any  means  which 
interfere  with  and  reduce  these  essential  processes  retard  or  prevent 
recovery.  Both  lysol  and  protargol  interfere  with  and  diminish  the 
emigration  of  leukocytes  and  the  phagocytosis  of  meningococd,  and 
neither  possesses  antitoxic  power. 

The  mixture  of  antisenma  with  lysol  and  with  protargol  reduces  to 
a  certain  extent  the  antileukotactic  and  antiphagocytic  effect  of  the 
chemicals;  but  this  action  is  insuffident  to  set  aside  wholly  the  injur- 
ious effects  which  they  produce. 

It  follows,  therefore,  that  whatever  theoretical  advantages  might 
accrue  from  a  bacteriddal  activity  exerted  by  these  chemicals  inde- 
pendently of  the  type  of  meningococcus  causing  epidemic  meningitis, 
is  more  than  offset  by  the  harmful  effects  which  they  cause. 

Hence  specific  antiserum  seems  to  provide  the  logical  therapeutic 
agent  with  which  to  combat  epidemic  meningitis,  since  it  is  itself 
innocuous  and  promotes  those  processes  essential  to  recovery  from 
the  disease.  The  problem  up  to  the  present  has  been  that  of  pro- 
ducing an  antiserum  which  represents  the  several  types  of  the  menin- 
gococcus, and  this  problem  is  now  in  a  fair  way  to  being  solved.* 
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The  early  results  of  experiments  to  determine  the  susceptibility 
of  Anopheles  puncHpennis  to  infection  with  the  parasites  of  ter- 
tian malaria  have  been  recorded  in  two  recent  articles  by  the  writer 
(1915-1916).  In  these  it  was  shown  that  this  species  is  an  efficient 
host  of  Plasmodium  vivax,  and  in  the  second  article  a  foot-note  was 
appended  stating  that  it  had  also  proven  to  be  a  host  of  Plasmodium 
falciparum,  the  parasite  of  estivo-autiunnal  malaria. 

In  the  present  paper  are  given  further  details  of  this  series  of 
experiments  in  which  the  susceptibility  of  Anopheles  crucians,  as 
well  as  of  Anopheles  punctipennis,  has  been  established.  The  in- 
formation acquired  upon  the  relative  susceptibility  of  these  two 
species  together  with  Anopheles  qucuirimaculatus  is  also  included. 

A  study  of  the  literature  applying  to  this  subject  has  revealed  the 
fact  that  an  extremely  small  amount  of  experimental  work  has  actu- 
ally been  done  with  the  species  of  Anopheles  occurring  in  the  United 
States.  The  experiments  with  Anopheles  punctipennis  were  contra- 
dictory and  inconclusive,  and,  as  stated  in  the  previous  articles, 
the  impression  had  become  current  that  it  was  not  a  factor  in  the 
transmission  of  malaria.  The  proof  of  its  efficiency  as  a  host  of 
malaria  parasites  does  not,  of  course,  establish  the  degree  of  its  im- 
portance in  the  transmission  of  malaria.  This  depends  as  well  upon 
its  food  habits  in  relation  to  man,  its  prevalence,  and  distribution. 
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In  regard  to  A,  crucians y  nothing  has  been  fotind  in  the  early  literature  which 
establishes  with  certainty  the  proof  of  its  susceptibility,  although  it  has  been 
included  among  the  efficient  hosts  by  several  authors,  notably  Howard,  Dyar, 
and  Knab  (1912),  and  Knab  (1913).  They  refer  to  the  experiments  reported 
by  Beyer,  Pothier,  Couret,  and  Lemann  (1902),  as  Dupree  (1905)  undoubtedly 
does  also  in  accrediting  the  proof  to  Couret  and  Beyer.  The  statements  are 
evidently  based  upon  a  misinterpretation  of  the  report. 

The  residts  of  the  e3[periments  by  Beyer  and  his  associates  may  be  summarized 
as  follows:  With  A.  crucians ,  no  infections  were  obtained  with  tertian  parasites 
in  two  specimens  or  with  quartan  parasites  in  three  specimens,  while  none  were 
tested  with  estivo-autumnal  malaria..  With  A.  quadrimaculaiuSf  one  specimen 
of  three  became  infected  with  tertian  malaria  and  two  specimens  of  five  with 
quartan.  The  five  fed  on  blood  containing  estivo-autumnal  parasites  were 
negative.  Their  incrimination  of  A.  crucians  as  a  host  of  estivo-autiunnal  ma- 
laria was  based  on  epidemiologic  considerations. 

Mitchell  (1907)  made  the  statement  that  Dupree  had  shown  her  the  parasites 
in  the  salivary  glands  of  three  species  (A.  quadrimaculaUis,  A.  crucians,  and 
A.  puncUpennis).  Dupree  himself,  however,  made  no  reference  to  his  having 
obtained  infected  specimens  of  quadrimaculaius  or  crucians. 

Recently  Mitzmain  (1916)  obtained  negative  results  with  219  A.  punctipennis 
dissected  from  3  to  38  da3rs  after  multiple  bites  on  individuals  whose  blood 
contained  varying  numbers  of  estivo-autunmal  crescents.  One  specimen  of 
three  A,  crucians  fed  on  one  of  the  gamete  carriers  showed  an  infection. 

The  susceptibility  of  A .  quadrimaculaius  was  established  by  the  work  of  Thayer 
(1900),  who  obtained  positive  results  with  this  species  for  both  estivo-autumnal 
and  tertian  malaria — (one  infected  specimen  with  the  former  and  two  with  the 
latter).  Woldert  (1901)  conducted  nine  experiments  withal.  quadrimacukUus. 
The  first  experiment  with  tertian  malaria  failed.  Fourteen  specimens  dissected 
in  the  following  six  experiments  with  tertian  were  all  negative.  In  the  last 
two,  with  estivo-autimmal  malaria,  two  positive  specimens  were  foimd  among 
the  seven  dissected.  Berkeley  (1901)  succeeded  after  rep>eated  experiments  in 
inoculating  A.  quadrimaculaius  with  the  tertian  parasite.  Hirshberg  (1904) 
obtained  eight  infected  A,  quadrimaculaius  in  a  series  of  forty-eight  fed  on  five 
estivo-autumnal  gamete  carriers.  Beyer,  Pothier,  Couret,  and  Lemann  reported 
infections  in  this  species  after  the  ingestion  of  the  parasites  of  tertian  and 
quartan  malaria. 

A  fourth  species  of  Anopheles  (A,  pseudopunctipennis),  reported  from  the 
Southern  United  States,  was  found  positive  for  the  parasite  of  estivo-autumnal 
malaria  in  experiments  by  Darling  (1910)  in  the  Panama  Canal  Zone.  Out  of 
thirty-one  specimens  dissected,  four  were  found  to  be  infected.  From  the  smaU 
niunber  infected  under  the  most  favorable  artificial  conditions,  and  because  of 
the  fact  that  relatively  few  of  this  species  are  taken  in  dwellings.  Darling  con- 
cludes that  pseudopunctipennis  is  only  slightly  concerned  in  the  transmission  of 
malaria. 
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The  importance  of  the  accurate  determination  of  the  exact  relation  of  each 
species  of  Anopheles  to  malaria  transmission  has  been  emphasized  by  the  results 
of  a  number  of  noteworthy  investigations,  which  have  shown  that  the  greatest 
variation  in  susceptibility  exists  among  the  different  species  of  this  genus.  Some 
species  are  entirely  immune,  while  certain  species  manifest  a  difference  in  sus- 
ceptibility to  the  different  species  of  malaria  plasmodia.  Walker  and  Barber 
(1914)  have  given  an  excellent  discussion  of  these  phases  of  the  subject  in  the 
introduction  to  their  paper  on  "Malaria  in  the  Philippine  Islands." 

EXPERIMENTAL. 

The  experiments  reported  below  were  conducted  in  New  Orleans 
during  the  months  of  November  and  December,  1915,  and  January, 
1916.  The  adult  mosquitoes  of  the  two  species,  Anophdes  quadri- 
maculakis  and  Anopheles  punciipennis  were  bred  from  larval  material 
supplied  by  Mr.  D.  L.  Van  Dine,  of  the  Bureau  of  Entomology, 
from  Moxmd,  La.  Since  no  bred  material  of  Anopheles  crucians 
was  available,  specimens  collected  in  the  open  were  used.  A  flight 
of  this  species  into  the  city  occurred  at  this  time  and  upon  examina- 
tion it  was  found  that  only  a  very  small  proportion  of  them  had  had 
blood  meals.  The  specimens  used  for  infecting  purposes  were  selected 
from  the  ones  in  which  no  distention  of  the  abdomen  with  blood  or 
developed  ova  could  be  detected. 

The  experimental  mosquitoes  were  given  but  one  meal  of  infected 
blood.  They  were  fed  individually,  not  in  lots  as  is  usually  done, 
so  that  the  fact  of  their  having  fed  was  thus  made  certain  in  each 
case.  Before  the  blood  meal  and  afterwards,  the  diet  consisted 
of  raisins  and  water.  Between  the  times  of  the  blood  meal  and  dis- 
section, each  specimen  was  kept  in  a  separate  container. 

In  Table  I  is  given  a  part  of  the  data  obtained  from  the  examina- 
tions of  females  of  Anopheles  punciipennis  after  they  had  fed  on 
estivo-autumnal  gamete  carriers.  The  examinations  were  made 
at  intervals  ranging  from  7  to  46  days.  In  all,  twenty-two  speci- 
mens were  fed  on  two  patients.  Two  specimens  were  not  examined. 
On  one  of  the  patients  four  feedings  were  made  on  different  dajrs. 
Case  514  showed  a  medium  number  of  gametes  in  the  blood,  but 
since  no  other  species  besides  punciipennis  were  fed  on  this  case,  a 
satisfactory  explanation  of  the  negative  results  cannot  be  made. 
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TABLE  I. 

Results  of  Experiments  wUk  Anopheles  punctipennis  and  Estivo-Autumnal 

Parasites, 


specimen 

VT 

Date  of 
feeding. 

Date  of 
disMCtion. 

Interval. 

Result  of  examination. 

Case  No. 

No. 

Midgut. 

Salivaiy  glands. 

1915 

1915 

days 

602.1 

Nov.  13 

Dec.  30 

47 

— 

+ 

511 

602.2 

"      13 

«     15 

32 

— 

— 

511 

617.1 

"     13 

Nov.  25 

12 

— 

Not  examined. 

511 

617.2 

"     13 

— 

511 

617.3 

«     13 

Dec.    6 

23 

— 

— 

511 

618.1 

"     13 

"     29 

46 

— 

— 

511 

618.2 

"     13 

"     27 

44 

— 

— 

511 

618.3 

"     13 

"     27 

44 

— 

— 

511 

612.6 

"     22 

"     21 

29 

— 

— 

511.5 

626.1 

"     22 

"     21 

29 

+ 

+ 

511.5 

617.4 

"     23 

«     14 

21 

+ 

+ 

511.6 

618.5 

"     23 

Nov.  30 

7 

— 

— 

511.6 

620.1 

"     23 

Dec.  15 

1916 

22 

+ 

— 

511.6 

601.1 

Dec.  23 

Jan.  17 

25 

— 

— 

514 

601.2 

"     23 

"     14 

22 

— 

— 

514 

601.3 

"     23 

— 

514 

601.4 

"     23 

u     17 

25 

— 

— 

514 

604.1 

"     23 

"     15 

23 

— 

— 

514 

606.1 

"     23 

"     15 

23 

— 

— 

514 

607.1 

"     23 

"     14 

22 

— 

— 

514 

607.2 

"     23 

"     14 

22 

— 

— 

514 

610.1 

"     23 

"     17 

25 

— 

— 

514 

Total  No.  dissected 20 

infected 4 

Per  cent          "      20 

"      "            "     of  those  fed  on  Case  511  only 33 

In  Specimen  602.1,  the  salivary  glands  contained  only  a  very  few 
sporozoites.  In  No.  626.1,  one  oocyst  and  one  empty  capsule  were 
foimd  upon  the  stomach,  and  the  salivary  glands  contained  large 
numbers  of  sporozoites  in  all  the  lobes  of  both  sets.  In  No.  617.4 
(Figs.  7,  8,  and  14),  one  oocyst  and  one  empty  capsule  were  present 
on  the  stomach.  The  oocyst  showed  well  developed  sporoblasts. 
The  salivary  glands  of  this  specimen  were  heavily  infected  with 
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sporozoites.  In  No.  620.1,  eight  oocysts  were  counted  on  the  stom- 
ach, five  of  which  were  placed  toward  the  anterior  end  of  the  en- 
largement of  the  midgut.  Two  of  the  oocysts  were  in  the  last  stage 
of  development  before  the  release  of  the  sporozoites,  and  four  were 
large  but  without  visible  sporoblasts.  The  measurement  of  the  lat- 
ter gave:  47  by  48,  31  by  37,  35  by  40,  and  48  by  55  microns.  The 
other  two  were  very  small — not  over  20  microns  in  diameter. 

In  Table  11  are  shown  the  results  of  the  examination  of  females 
of  Anopheles  punctipennis  after  feeding  on  tertian  gamete  carriers. 
Further  details  of  this  series  have  been  given  in  a  previous  article 
(King,  1916). 


TABLE  n. 
Results  of  Experiments  with  Anopheles  punctipennis  and  Tertian  Parasites. 


Specimen 
No. 

Date  of 
feeding. 

Date  of 
dissection. 

Interval. 

Result  of  examination. 

Case  No. 

Midgut. 

Salxvaiy  glands. 

1915 

1915 

days 

612.1* 

Nov.    6 

Nov.  24 

18 

+ 

— 

509 

612.2 

"       6 

"      15 

9 

+ 

Not  examined. 

509 

612.3 

"       6 

Dec.    1 

25 

— 

— 

509 

614.lt 

"       6 

Nov.  26 

20 

+ 

+ 

509 

614.2 

"       6 

"     13 

7 

+ 

Not  examined. 

509 

614.3 

"       6 

"     13 

7 

+ 

«          « 

509 

612. 5t 

"     12 

Dec.    2 

20 

+ 

+ 

510 

Total  No.  dissected 7 

"       "    infected 6 

Per  cent         " 85 


♦  Figs.  2,  3,  and  4.    f  Figs.  9  and  11.    J  Fig.  10. 


Table  III  shows  the  results  obtained  with  specimens  of  Anopheles 
crucians  fed  upon  an  estivo-autumnal  gamete  carrier.  A  total  of 
thirty-five  females  were  fed  during  a  period  of  5  days,  but  this 
species  lived  poorly  in  captivity,  and  sixteen  which  died  soon  after 
the  blood  meal  were  unsuitable  for  examination.  The  fact  that 
they  were  "wild"  mosquitoes  and  not  bred,  as  were  the  other  two 
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spedes,  may  account  for  this  high  mortality.  Seven  other  speci- 
mens which  were  used  in  another  experiment  could  not  be  included 
in  the  tabulation. 


TABLE  in. 
Results  of  Experiments  with  Anopheles  crucians  and  Estioo-Autumnal  Parasites. 


Specimen 

Date  of 
feeding. 

Date  of 
dissection. 

Interval. 

Result  of  examination. 

CaieNo. 

No. 

MidguL 

Salivaxy  glands. 

W5 

2915 

days 

703.1 

Nov.  23 

Dec.     7 

14 

— 

— 

511.6 

703.2 

"     23 

"      16 

23 

— 

— 

511.6 

703.4 

"     23 

"       3 

10 

— 

Not  examined. 

511.6 

703.6 

"     23 

"     13 

20 

+ 

— 

511.6 

703.8 

"     23 

«     16 

23 

— 

+ 

511.6 

703.9 

"     23 

"     20 

27 

— 

+ 

511.6 

703,12 

"     23 

"       9 

16 

4- 

Not  escamined. 

511.6 

705.8 

"     24 

"     24 

30 

— 

+ 

511.7 

709.1 

"     27 

"     27 

30 

+ 

+  (?) 

511.9 

710.2 

u     27 

"     21 

24 

+ 

— 

511.9 

710.3 

u     27 

"     26 

29 

+ 

+  (?) 

511.9 

710.4 

"     27 

u     27 

30 

+ 

— 

511.9 

Total  No.  dissected 12 

"       "    infected 9 

Per  cent         "      75  > 

Specimen  703.6  (Figs.  1,  5,  and  6),  had  a  very  large  number  of 
oocysts  on  the  stomach;  the  number  was  estimated  at  75  after  39  had 
been  counted.  These  ranged  in  size  from  24  to  50  microns  in  diam- 
eter, the  majority  probably  between  40  and  50.  No.  703.8  had  a 
medium  infection  of  the  center  lobes  of  the  salivary  glands  (compare 
Fig.  12).  A  heavy  infection  of  all  the  lobes  of  the  glands  existed 
in  No.  703.9.  Five  oocysts  were  present  on  the  stomach  of  No. 
703.12.  Two  of  these  measured  34  by  37  microns.  In  No.  705.8  a 
small  number  of  sporozoites  were  found  in  the  salivary  glands.  In 
No.  709.1,  one  large  oocyst,  50  by  60  microns,  was  present  on  the 
stomach.  The  condition  of  the  salivary  glands  was  such  that  the 
presence  of  sporozoites  could  not  be  definitely  ascertained.  One 
oocyst  measuring  45  microns  m  diameter  was  found  on  the  stomach 
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of  No.  710.2.  In  No.  710.3,  one  oocyst  was  present  on  the  stomach 
and  the  glands  seemed  to  contain  sporozoites,  but  their  condition 
made  the  diagnosis  uncertain.  In  No.  710.4,  one  oocyst  was  seen 
on  the  stomach. 

Table  IV  shows  the  infections  occurring  in  specimens  of  Anopheles 
quadrimacidatus  with  tertian  parasites,  and  Table  V  with  estivo- 
autimmal  parasites. 


TABLE  IV. 
Results  of  Experiments  wUh  Anopheles  quadrimaculahis  and  Tertian  Parasites. 


specimen 
No. 

Date  of 
feeding. 

Date  of 
disMCtion. 

Interval. 

Result  of  examination. 

Case  No. 

Midgut. 

Salivaxy  glands. 

1915 

1915 

days 

349.2 

Nov.    2 

Nov.  11 

9 

— 

Not  examined. 

507 

351.3 

u      2 

"      6 

4 

— 

u             u 

507 

352.7 

u      2 

"     10 

8 

— 

It           ti 

507 

352.8 

u       2 

"      9 

7 

+ 

u             u 

507 

352.9 

"      2 

«     12 

10 

+ 

u             a 

507 

365.1* 

''       6 

Dec.    7 

31 

+ 

+ 

509 

365.2 

"      6 

— 

509 

372.1 

«       6 

— 

373.1 

"      6 

Nov.  16 

10 

+ 

— 

509 

373.2 

"       6 

"     19 

13 

+ 

Not  examined. 

509 

373.3 

"       6 

— 

347.6 

"     12 

Dec.    9 

27 

— 

4- 

510 

365. 5 t 

«     12 

a       9 

27 

— 

+ 

510 

365.6 

"     12 

"     13 

31 

— 

— 

510 

3^1.1 

"     12 

— 

373.4 

«     12 

— 

373. 5 t 

"     12 

Nov.  30 

18 

— 

+ 

510 

374.1 

"     12 

— 

Total  No.  dissecte( 

i 

.  12 

"       "    infected 

.     8 

Per  cent          " 

.  66 

♦  Figs.  16  and  17.    t  Fig-  13.    %  Fig.  15. 
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TABLE  V. 

Results  of  Experiments  unth  Anopheles  quadrimaculatus  and  Estivo-Autumnal 

Parasites. 


Specimen 
No. 

Date  of 
feeding. 

Date  of 
dissection. 

Interval. 

Result  of  examination. 

Case  No. 

Midgut. 

Salivaiy  glands. 

1915 

1915 

days 

349.1 

Nov.    2 

Nov.  13 

11 

— 

Not  examined. 

506 

354.1 

«       2 

"     10 

8 

— 

u                « 

506 

358.1 

"       2 

"     15 

13 

— 

((              tt 

506 

358.2 

"       2 

"     15 

13 

— 

it                 u 

506 

359.1 

a        2 

— 

506 

359.2 

"       2 

«      8 

6 

— 

<t                    €4 

506 

359.3 

"       2 

"       8 

6 

— 

i<                    tt 

506 

347.7 

"     13 

Dec.    6 

23 

— . 

— 

511 

350.1 

"     13 

"       1 

18 

— 

— 

511 

350.2 

"     13 

— 

350.3 

"     13 

"     29 

46 

— 

— 

511 

350.4 

"     13 

"     18 

35 

— 

+ 

511 

365.7 

"     13 

"     28 

45 

+ 

— 

511 

371.2 

"     13 

Nov.  20 

7 

— . 

Not  ezamined. 

511 

380.1 

"     22 

— 

— 

511.5 

386.1 

"     23 

Dec.  14 

21 

— 

— 

511.6 

390.1 

"     23 

"     14 

21 

+ 

— 

511.6 

381.1 

"     24* 

"     21 

27 

— 

— 

511.7 

803.1 

"     24 

"     15 

21 

— 

— . 

511.7 

381.2 

"     26 

— 

511.8 

394.1 

a      27 

"     22 

25 

— 

— 

511.9 

396.1 

"     29 

"     13 

14 

— 

— 

511.10 

396.2 

"     29 

"     22 

23 

— 

— 

511.10 

Total  No.  dissected 19 

"       "    infected 3 

Per  cent          "     15 

"      "            "       of  those  fed  on  Case  511 23 

Since  no  infections  resulted  from  Case  506,  the  percentage  from 
Case  511  only  is  shown. 

The  total  number  of  mosquitoes  of  the  three  species  examined  is 
too  small  to  permit  of  very  satisfactory  comparisons,  but  the  indi- 
cations of  relative  susceptibility  as  shown  in  Tables  VI  and  VII  are 
of  interest.  In  these  only  those  specimens  which  were  fed  on  the 
same  gamete  carriers  have  been  included.    Since  the  females  of 
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Anopheles  crucians  were  not  bred,  while  those  of  the  other  two  species 
were,  the  results  are  perhaps  not  strictly  comparable. 

TABLE  VI. 
Comparative  Results  with  Plasmodium  vivax, 

A .  guadrimaculatiu. 


Total  No.  dissected 
"       "   infected. 
Per  cent         " 


7 

6 

85 


TABLE  Vn. 
Comparative  Results  with  Plasmodium  falciparum. 


A.  pttnetipeituix. 

A.  crucians. 

Total  No.  dissected 

12 

4 

33 

13 

3 

23 

12 

"        "    infected 

9 

Per  cent         "      

75 

In  Table  VIII  are  shown  the  proportion  of  gametes  to  leukocytes 
in  the  blood  upon  which  the  mosquitoes  fed.  Case  511  was  em- 
ployed for  feeding  purposes  on  several  diflferent  days  extending  over 
a  period  of  2  weeks.  As  may  be  seen  from  the  earlier  coimts,  the 
numbers  of  gametes  were  extremely  high. 

TABLE  vm. 

Comparative  Counts  of  Leukocytes  and  Gametes  Made  from  Stained  Blood 
Smears  Taken  at  the  Time  of  the  Feeding  of  the  Mosquitoes. 


Case  No. 

Species  of 
Plasmodium. 

No.  of  leukocytes 
counted. 

Gametes. 

Gametes  per 
100  leukocytes. 

509 

P.  vivax. 

131 

19 

14 

511 

"  falciparum. 

57 

300 

526 

511.5 

100 

143 

143 

511.6 

200 

187 

93 

511.7 

125 

171 

136 

511.8 

350 

106 

30 

511.9 

350 

128 

36 

511.10 

300 

56 

18 

514 

281 

20 

7 
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The  mosquitoes  used  in  the  experiments  were  kept  in  a  darkened, 
screened  box  in  the  laboratory.  Temperature  and  humidity  records 
for  the  entire  period  were  kept  by  means  of  Friez  recording  instru- 
ments placed  beside  the  box.  The  temperature  of  this  room  was 
usually  higher  and  fluctuated  less  than  the  outdoor  temperature, 
and  during  part  of  the  time  the  room  was  artificially  heated  during 
the  day.  The  temperature  in  the  laboratory  rarely  fell  below  60*^. 
On  Dec.  28,  however,  the  minimum  was  51**,  and  on  the  29th,  49®. 


TABLE  DC. 

Weekly  Mean  Temperature  and  Per  Cent  Humidity  (Relative)  from  November 

i,  1015,  to  January  16,  1916. 


Week. 


Mean  tempenttue. 


Avenge  relative 
hnmidity. 


•F. 

ptrceitt 

Nov.    1-7 

76.7 

60.3 

"       ^14 

79.7 

65.5 

"     15-21 

71.6 

48.7 

"     22-28 

73.5 

57.6 

"     29-Dec.  5 

68.5 

48.8 

Dec.    6-12 

72 

64.0 

"     13-19 

68.7 

62.0 

"     20-26 

65.4 

54.2 

"     27-Jaii.  2 

64.7 

72.2 

Jan.     3-9 

75 

64.4 

"     10-16 

69.1 

51.6 

An  explanation  of  the  long  developmental  period  of  the  parasites, 
as  exhibited  in  these  experiments,  is  xmdoubtedly  foxmd  in  the  tem- 
perature conditions  prevailing  during  the  time.  The  length  of  the 
sexual  cycle  is  usually  given  as  from  9  to  12  days,  but  the  exact  re- 
lation of  temperature  to  the  period  of  development  has  not  been 
carefully  ascertained. 

SUMMARY. 

Since  a  knowledge  of  the  susceptibility  of  any  species  of  Anopkdes 
to  infection  with  malaria  parasites  is  of  great  importance  in  deter- 
mining its  part  in  the  transmission  of  malaria,  the  experiments  re- 
ported here  were  imdertaken,  and  included  the  three  most  prevalent 
species  of  this  genus  occurring  in  the  United  States.  As  a  result  of 
these  experiments  Anopheles  punctipennis  is  shown  to  be  an  efficient 
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host  of  the  organisms  of  tertian  and  estivo-autumnal  malaria,  Ano- 
pheles crucians  of  estivo-autumnal  malaria,  at  least,  and  information 
has  been  obtained  upon  the  relative  susceptibility  of  these  two  species 
and  Anopheles  quadrimacidaius.  The  latter  species  has  been  known 
to  be  an  efficient  host  since  Thayer's  experiments  in  1900,  and  has 
been  considered  to  be  the  principal  species  concerned  in  the  trans- 
mission of  malaria  in  the  United  States. 

With  Anopheles  punctipennisj  developmental  forms  of  the  exo- 
genous or  sporogenic  cycle  of  Plasmodium  vivax  were  demonstrated 
in  six  (85  per  cent)  of  the  seven  mosquitoes  dissected,  and  the  develop- 
ment of  Plasmodium  falciparum,  in  four  (20  per  cent)  of  twenty 
specimens.  These  four  infections,  however,  occurred  in  a  series  of 
thirteen  specimens  fed  on  one  person,  so  that  the  percentage  was 
actually  33. 

With  Anopheles  crucians,  oocysts  or  sporozoites  or  both  oocysts 
and  sporozoites  of  Plasmodium  falciparum  were  foimd  in  nine  (75 
per  cent)  of  the  twelve  specimens  dissected.  No  tests  were  made 
with  this  species  and  Plasmodium  vivax. 

Anopheles  quadrimaculatus  was  employed  as  a  control  species 
in  the  experiments  and  became  infected  in  the  following  ratio:  eight 
(66  per  cent)  of  twelve  specimens  with  Plasmodium  vivax,  and  three 
(15  per  cent)  of  nineteen  specimens  with  Plasmodium  falciparum. 

In  determining  the  relative  susceptibility  of  the  three  species 
only  those  individuals  which  had  fed  upon  the  same  gamete  car- 
riers are  considered.  The  number  of  mosquitoes  from  which  the 
percentages  are  computed  is  too  small  to  make  the  results  entirely 
conclusive,  but  the  indications  are  that  Anopheles  punctipennis 
and  Anopheles  quadrimaculalus  are  equally  susceptible  to  infection 
with  Plasmodium  vivax,  85  per  cent  of  each  species  xmder  the  same 
conditions  being  positive.  With  Plasmodium  falciparum.  Anopheles 
crucians  showed  the  highest  percentage  of  infection  (75  per  cent), 
Anopheles  punctipennis  second  (33  per  cent),  and  Anopheles  quadri- 
maculatus third  (23  per  cent). 

The  writer  desires  to  acknowledge  the  cooperation  and  advice 
received  from  Dr.  C.  C.  Bass  and  Dr.  F.  M.  Johns,  of  the  Labora- 
tories of  Clinical  Medicine  of  the  School  of  Medicine  of  Tulane 
University. 
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EXPLANATION  OF  PLATES.* 

Plate  98. 

Fig.  1.    Ooc3rsts  of  Plasmodium  falciparum  in  Anopheles  crucians  (No.  703.6). 
Fig.  2.    Ooc3rsts  of  Plasmodium  vivax  in  Anopheles  pundipennis  (No.  612.1). 

Plate  99. 

Fig.  3.  Two  oocysts  of  Plasmodium  vivax  in  Anopheles  punctipennis 
(No.  612.1). 

Fig.  4.  Five  oocysts  of  Plasmodium  vivax  in  Anopheles  punctipennis 
(No.  612.1). 

Plate  100. 

Fig.  5.  Eight  oocjrsts  of  Plasmodium  falciparum  in  Anopheles  crucians 
(No.  703.6). 

Fig.  6.  Ten  oocjrsts  of  Plasmodium  falciparum  in  Anopheles  crucians  (No. 
703.6). 

Plate  101. 

Fig.  7.    An  oocyst  of  Plasmodium  falciparum  in  Anopheles  punctipennis 
(No.  617.4),  showing  formation  of  sporoblasts. 
Fig.  8.    Same  as  Fig.  7,  more  highly  magnified. 

Plate  102. 

Fig.  9.  An  ooc3rst  of  Plasmodium  vivax  in  Anopheles  punctipennis  (No. 
614. 1) .    This  body  contained  active  sporozoites  and  was  at  the  point  of  rupturing. 

Fig.  10.  The  empty  capsule  of  an  oocyst  of  Plasmodium  vivax  in  Anopheles 
punctipennis  (No.  612.5),  after  the  escape  of  the  sporozoites. 

Fig.  11.  Two  empty  capsules  of  oocysts  of  Plasmodium  vivax  in  Anopheles 
punctipennis  (No.  614.1). 

Plate  103. 

Fig.  12.  A  normal  salivary  gland  of  Anopheles  crucians,  showing  the  rela- 
tion of  the  three  lobes. 

Fig.  13.  A  mass  of  si>orozoites  of  Plasmodium  vivax  in  Anopheles  quadri- 
maculatus  (No.  365.5).  These  were  expelled  from  the  salivary  glands  by  the 
pressure  of  the  cover  glass. 

*  The  author  is  greatly  indebted  to  Dr.  F.  M.  Johns  for  aid  in  the  preparation 
of  the  microphotographs  of  infected  mosquitoes,  and  to  Dr.  W.  S.  Thayer  of 
Baltimore  for  confirmation  of  his  interpretation  of  several  of  the  preparations. 
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Plate  104. 

Fig.  14.  Sporozoites  oi  Plasmodium  fakiparum  m  glajiih  oi  Anopheles  puncii- 
pennis  (No.  617.4).  (Although  a  very  poor  iUustration  it  has  been  included 
since  it  is  the  only  microphotograph  obtained  of  sporozoites  in  this  species  of 
mosquito.) 

Fig.  15.  Sporozoites  of  Plasmodium  vivax  in  Anopheles  quadrimaculaius 
(No.  373.5). 

Plate  105. 

Fig.  16.    Sporozoites   of   Plasmodium  wvax  in  Anopheles  quadrimaculaius 
(No.  365.1).    This  illustrates  the  typical  cliunping  in  one  of  the  gland  cells. 
Fig.  17.    Same  as  Fig.  16,  more  highly  magnified. 
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INTESTINAL  OBSTRUCTION. 
VI.  A  Study  of  Non-Coagulable  Nitrogen  of  the  Blood. 

By  J.  v.  COOKE,  M.D.,  F.  H.  RODENBAUGH,  M.D.,  and  G.  H.  WHIPPLE,  M.D. 

(Pram  the  George  Williams  Hooper  Foundation  for  Medical  Research,  and  the 
Department  of  Pathology  of  the  University  of  California  Medical  School, 
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This  commumcation  deals  with  analyses  of  the  blood  in  intestinal 
obstruction,  intestinal  closed  loops,  and  other  acute  intoxications. 
The  tables  give  figures  for  non-coagulable  nitrogen,  urea  nitrogen, 
and  in  some  instances  the  total  nitrogen  partition  in  the  blood.  Our 
interest  in  this  study  of  the  blood  was  aroused  by  a  communication 
of  Tileston  and  Comfort  (l),  who  in  a  large  series  of  hmnan  cases  re- 
ported three  cases  of  intestinal  obstruction  with  very  high  non-coag- 
ulable nitrogen.  Since  that  time  we  have  studied  the  blood  of  various 
experimental  animals  which  were  being  observed  in  connection  with 
other  experimental  work. 

We  found  that  most  cases  of  intestinal  obstruction,  especially 
with  signs  of  acute  intoxication,  showed  a  high  non-coagulable  blood 
nitrogen,  and  it  seemed  possible  that  this  factor  might  be  of  value 
in  diagnosis  and  especially  prognosis  of  acute  abdominal  conditions. 
We  are  now  convinced  that  this  non-coagulable  nitrogen  determination 
is  of  value  in  various  acute  intoxications.  If  the  reading  is  high, 
one  may  assume  a  dangerous  grade  of  intoxication,  but,  on  the  con- 
trary, one  may  not  assume  that  a  low  reading  gives  evidence  of  sUght 
intoxication,  because  a  fatal  outcome  may  be  associated  with  a  low 
reading.  It  is  of  considerable  value  to  know  that  the  non-coagulable 
nitrogen  of  the  blood  may  show  high  readings  in  other  conditions  be- 
sides renal  disease. 

On  the  other  hand,  determinations  of  the  blood  urea  alone  are 
of  somewhat  less  value  in  studying  the  retention  products  in  the  blood 
in  these  conditions.    In  our  experimental  animals  the  blood  urea 
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has  varied  from  less  than  30  per  cent  to  more  than  80  per  cent  of  the 
total  non-coagulable  nitrogen,  and,  while  a  high  urea  reading  is  the 
rule,  the  variations  in  the  urea  curve  and  the  curves  of  the  other  non- 
coagulable  nitrogenous  substances  are  so  great  that  the  urea  reading 
is  a  somewhat  unreliable  index  of  the  extent  to  which  non-coagulable 
nitrogenous  substances  have  accumulated. 

Our  results  are  given  below  in  the  form  of  tables  and  some  clinical 
and  experimental  data  are  given  in  addition,  but  it  is  not  needful 
to  give  the  entire  experimental  data  at  this  time.  Usually  one 
experiment  in  each  table  is  given  in  some  detail  as  an  example  of  the 
group. 

Methods. 

Dogs  were  used  in  most  experiments.  A  few  cats  were  used,  and  one  human 
case  was  included.  All  operations  on  animals  were  done  under  surgical  anesthesia 
with  the  usual  surgical  technique. 

The  blood  was  taken  in  a  glass  syringe  from  the  jugular  vein  and  used  for  the 
various  tests.  When  the  blood  was  obtained  at  the  time  the  animal  was  kiliedy 
it  flowed  from  a  cannula  in  the  carotid.  A  few  samples  taken  in  extremis  were 
obtained  after  anesthesia  by  opening  the  thorax  and  aspirating  direct  from  the 
heart. 

Non-coagulable  nitrogen  is  determined  as  follows:  With  a  volumetric  pipette  10 
cc.  of  blood  are  added  to  65  cc.  of  distilled  water,  and  5  cc.  of  a  1  per  cent  sodium 
oxalate  solution.  The  mixture  is  brought  to  a  boil,  gently  rotating  the  flask  while 
heating,  and  is  then  faintly  acidified  with  acetic  acid.  A  few  aystals  of  sodium 
sulphate  are  added,  the  mixture  is  shaken,  and,  after  the  addition  of  20  cc.  of  a  1 
per  cent  solution  of  uranium  acetate,  is  thoroughly  shaken  again  and  filtered. 
Nitrogen  estimations  by  the  Kjeldahl  method  are  done  in  duplicate  on  30  cc. 
samples  of  the  clear  filtrate, — each  representing  3  cc.  of  blood, — and  the  non- 
coagulable  nitrogen  calculated  for  100  cc.  Creatinine  and  creatine  are  deter- 
mined by  the  method  of  Folin  (2)  with  a  standard  of  creatinine  zinc  chloride. 
Urea  is  determined  by  the  method  of  Marshall  as  modified  by  Van  Slyke  and 
Cullen  (3).    Uric  acid  is  determined  by  the  method  of  Benedict  (4). 

EXPERIMENTAL  OBSERVATIONS. 

Simple  Obstruction,  Recovery,  and  Second  Operation. 

Dog  15-12. — Mongrel,  female;  weight  40  pounds. 

Mar.  8.  A  simple  obstruction  was  made  in  the  middle  of  the  small  intestine, 
and  a  small  piece  of  tape  was  fixed  about  the  small  intestine  to  occlude  its 
lumen  but  not  to  injure  the  intestinal  wall. 
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Mar.  9.    Dog  quiet.    Temperature  38.5®C.    Slight  vomiting. 

Mar.  10.  Dog  shows  usual  picture  of  obstruction  with  vomiting.  Tem- 
perature 38**C.    Weight  38  pounds. 

Mar.  11.  Condition  the  same.  Intoxication  not  striking.  Weight  36 
poimds. 

Mar.  12.  Condition  the  same.  Weight  34  pounds.  Late  in  the  day  the  dog 
showed  intoxication  and  small  pulse.  Infusion  of  1,000  cc.  of  Locke's  solution 
given  in  the  jugular.  Blood  taken  before  and  after  infusion.  The  infusion  caused 
clinical  improvement. 

Mar.  13.  Dog  still  vomiting;  the  intoxication  is  not  severe.  Temperature 
38.5^C.  Weight  35.5  poimds.  The  marked  drop  in  non-coagulable  nitrogen  is 
a  striking  feature  of  this  experiment,  and  is  difficult  to  explain,  although  the 
diuresis  and  replacement  of  lost  fluid  may  be  important  factors.  1  p.m.  Ether 
anesthesia  and  laparotomy.  The  obstruction  was  removed  easily,  and  the  in- 
testinal wall  closed  over  by  sutures.  At  the  end  of  the  operation  intravenous 
infusion  of  1 ,000  cc.  of  Locke's  solution.    Dog  made  good  recovery  from  operation. 

Mar.  14.    Dog  vomited  a  little  and  refused  food. 

Mar.  15.  Vomiting  continues,  and  animal  eats  a  little.  Temperature  38.7^C. 
Weight  34  pounds.    Given  1,000  cc.  of  Locke's  solution  intravenously. 

Mar.  16.  Much  improvement;  dog  takes  food;  no  vomiting.  Weight  35 
pounds. 

Mar.  17  and  18.    Continued  improvement. 

Mar.  19.    Improvement  continues;  dog  has  passed  feces. 

Apr.  8.  Dog  appears  normal.  Second  operation  to  establish  a  drained  loop 
of  duodenum  including  about  8  inches  of  the  first  part  of  the  jejunum;  distal 
Ix>rtion  of  loop  pulled  through  a  puncture  wound  in  left  rectus;  duodenum  closed 
below  pancreatic  duct  and  gastrojejunostomy  done. 

Apr.  9.  Dog  sick,  vomiting.  Pulse  weak.  3  p.m.  Severe  intoxication;  much 
chocolate  colored  vomitus.    Ether  anesthesia.    Killed. 

Autopsy, — ^Thorax,  heart,  and  lungs  normal;  abdominal  viscera  are  normal; 
peritoneum  is  clean;  gastro-enterostomy  is  patent;  stomach  shows  slight  engorge- 
ment of  mucosa.  Duodenum  between  pylorus  and  point  of  section  shows  a 
swollen  and  congested  mucosa.  It  contains  a  blood-stained  fluid.  Jejimum 
below  gastro-enterostomy  shows  engorgement  of  its  mucosa  very  like  that  noted 
after  lethal  injection  of  a  toxic  proteose.  The  ileum  and  colon  show  congestion 
of  their  mucosae  to  a  less  extent.  The  loop  contains  chocolate-red,  slimy  material; 
the  mucosa  shows  no  ulceration,  but  is  congested  and  deep  red;  there  are  some 
submucous  ecch3mioses. 

This  experiment  is  of  interest  because  of  the  recovery  from  the 
first  obstruction.  An  obstruction  was  produced  in  the  middle  of  the 
small  intestine  by  means  of  a  tape.  On  the  6th  day  the  tape  was 
removed  at  a  second  operation,  and  the  dog  returned  to  a  normal 
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TABLE  I. 
Dog  15-12.    Simple  Obstruction,  Recovery,  and  Second  Operation. 


Day  after 
operation. 

Time. 

Non- 
ooafuUble 
nitrogen.* 

Remarkf. 
Mongrel,  female;  weight  40  Iba. 

mg. 

2 

2.00 

23 

Vomited  once.    Pulse  good.    Temp.  38.5°C. 

3 

11.00 

24 

Dog  vomiting.    Condition  good.    38  lbs. 

4 

4.00 

68 

Dog  vomiting  frequently.    36  lbs.    Temp.  38'C. 

5 

11.00 

119 

Dog  vomiting.  Pulse  good.  Feces  in  cage.  34 
lbs.    Temp.  38'*C. 

5 

2.50 

131 

Dog  prostrated.  Pulse  tension  low.  Infusion 
of  1,000  cc.  of  Locke's  solution. 

5 

3.20 

117 

Blood  after  infusion.    Clinical  improvement. 

6 

11.30 

31 

Dog  improved.    Vomiting  less. 

2nd  operation. 

1.00 

42 

Laparotomy  and  removal  of  obstruction.  Infu- 
sion of  1,000  cc.  of  Locke's  solution.  Blood  at 
end  of  infusion. 

7 

11.00 

36 

Vomits  occasionally.    Refuses  food. 

9 

10.00 

26 

Dog  improving.    35  lbs. 

11 

4.00 

28 

Dog  improving  rapidly.    35.5  lbs.    Temp.  38.4^C. 

12 

11.00 

31 

Dog  passed  feces.    Seems  quite  well. 

32 

— 

— 

Normal. 

3rd  operation. 

3.00 

— 

Drained  loop  of  jejimum.    Long  operation. 

33 

12.00 

56 

Dog  much  intoxicated  and  vomiting.  Urea  ni- 
trogen 31  mg. 

33 

3.00 

71 

Animal  acutely  sick.  Killed.  Amino  nitrogen 
9.3  mg. 

*  Non-coagulable  nitrogen  is  given  in  tenns  of  mg.  per  100  cc.  of  blood. 

condition.  The  third  operation  was  performed,  and  about  18  inches 
of  the  lower  duodenum  and  first  portion  of  the  jejunum  were  isolated 
as  a  drained  loop  opening  in  the  left  side.  A  gastro-enterostomy  was 
performed.  The  animal  showed  grave  intoxication  with  much  vomit- 
ing and  death  in  24  hours.  There  was  no  peritonitis  but  some 
interference  with  the  blood  supply  of  the  drained  loop. 

Table  I  shows  the  fluctuation  in  the  blood  non-coagulable  nitro- 
gen. There  was  a  steady  rise  to  a  maximum  of  131  mg.  per  100  cc. 
of  blood  on  the  5th  day.  The  dog  was  given  an  infusion,  and  the 
following  day  the  non-coagulable  nitrogen  had  dropped  to  31  mg. 
One  is  tempted  to  assume  as  a  simple  explanation  that  the  replace- 
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ment  of  fluid  and  the  consecutive  diuresis  sweep  out  these  substances 
from  the  blood.  This  undoubtedly  does  occur,  but  the  story  is  not 
quite  as  simple  as  this.  For  example,  in  other  experiments  with  a 
grave  intoxication  a  transfusion  may  not  affect  in  the  least  the  level 
of  blood  non-coagulable  nitrogen,  in  spite  of  a  striking  diuresis. 
There  is  no  evidence  to  point  to  lack  of  eliminative  power  of  the 
kidneys  as  a  factor. 

TABLE  n. 
Simple  Obstruction. 


Dog  No. 

Day 
after 
opera- 
tion. 

Non- 
coagu- 
lable 
nitro- 
gen.* 

Urea 
nitro- 
gen.* 

Weight 

Temp. 

Renuu-ks. 

mg. 

mg. 

lbs. 

X. 

15-20 

6 

48 

— 

15.3 

38.5 

No  vomitus.    Dog  quiet. 

7 

33 

— 

14.5 

38.4 

Condition  the  same. 

8 

SS 

— 

14.3 

39.1 

«              «     « 

9 

40 

19 

13.8 

38.5 

Little  vomitus,  intoxication  moderate. 
KiUed. 

15-26 

1 

77 

— 

Blood  after  operation. 

3 

46 

34 

42.8 

39.2 

Vomiting  and  sickt 

4 

60 

35 

41.3 

39.2 

Condition  the  same. 

5 

56 

40 

40.8 

39.3 

«             «     (t 

6 

60 

39 

40.'0 

39.1 

it                      it         u 

7 

94 

58 

39.0 

39.6 

Dog  weak. 

8 

79 

42 

~ 

Dog  seems  better.  Killed.  Slight  chronic 
nephritis. 

16-45 

1 

34 

15 

36.0 

— 

Blood  before  operation. 

3 

52 

28 

34.0 

39.7 

Vomiting  large  amounts. 

4 

59 

21 

33.0 

39.3 

Vomiting. 

6 

90 

43 

Dog  acutely  sick.    Killed. 

16-56 

1 

^— 

22 

22.0 

~- 

4 

— 

22 

19.0 

38.0 

Dog  vomiting  since  operation. 

5 

63 

21 

37.7 

11  a.m.  Animal  in  fair  condition.  Pro- 
teose injection.    Blood  before  injection. 

5 

81 

27 

19.5 

11.10  a.m.  Recovered  from  proteose  in- 
jection in  6  hrs.  Died  in  night.  Blood 
after  injection. 

*  Non-coagulable  and  urea  nitrogen  are  given  in  terms  of  mg.  per  100  cc. 
of  blood. 
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Simple  Obstruction  for  5  Days.    Toxic  Death. 

Dog  16-45. — Shepherd,  mongrel,  female;  weight  36  pounds. 

Nov.  10.  Simple  obstruction  in  the  middle  of  the  small  intestine  by  means 
of  complete  section  and  an  inversion  of  cut  ends. 

Nov.  11  and  12.    Dog  is  vomiting,  and  there  is  a  steady  loss  in  weight. 

Nov.  13.  Much  thin  yellow  vomitus.  Temperature  39.3**C.  Weight  33 
pounds. 

Nov.  15.  9  a.m.  Dog  is  severely  intoxicated.  Ether  anesthesia.  Killed. 
The  readings  for  non-coagulable  nitrogen  and  urea  nitrogen  are  given  in  Table  II. 

Autopsy. — ^Thorax,  lungs,  and  heart  normal.  The  viscera  show  nothing  of 
interest  except  a  slight  congestion.  The  j)eritoneum  is  dry  and  clean.  There 
are  a  few  fibrinous  adhesions  about  the  site  of  obstruction.  Intestinal  tract 
below  obstruction  is  collapsed  and  mucosa  normal.  The  intestine  above  the 
obstruction  shows  only  slight  dilatation.  There  is  no  congestion  of  the  mucosa 
and  no  ulceration.  The  stomach  shows  come  congestion  of  the  cardia.  The 
material  above  the  obstruction  consists  of  thin  yellow  material,  like  pea-soup. 
160  cc.  in  amount.    Kept  for  further  study. 

The  protocol  of  Dog  16-45  gives  a  typical  story  of  an  uncompli- 
cated, untreated  case  of  simple  obstruction  of  the  middle  of  the  small 
intestine.  Vomiting  is  constant,  but  the  grave  intoxication  does  not 
appear  imtil  the  5th  day,  when  the  non-coagulable  nitrogen  is  foimd 
to  be  high — ^90  mg.  per  100  cc.  of  blood.  The  autopsy  findings  are 
characteristic,  and  the  peritoneum  is  clean. 

Table  II  shows  a  considerable  variety  of  non-coagulable  nitrogen 
readings.  The  last  three  experiments  show  a  definite  rise  in  non- 
coagulable  nitrogen  above  normal,  and  this  is  the  rule.  The  first  ex- 
periment, however,  is  a  good  example  of  a  dog  which  maintained  prac- 
tically a  normal  level  in  spite  of  a  prolonged  obstruction.  It  should 
be  kept  in  mind  that  this  dog  had  a  resistance  considerably  above 
normal,  consequently  was  not  as  acutely  intoxicated,  and  was  killed 
8  days  after  operation  while  still  in  fair  condition.  A  similar  state 
of  affairs  is  noted  in  closed  loops  of  the  intestine,  and  with  a  slowly 
progressing  intoxication  the  non-coagulable  nitrogen  may  scarcely 
rise  above  its  normal  level. 

This  table  of  simple  obstruction  experiments  gives  also  the  urea 
nitrogen  of  the  blood.  It  is  noted  at  once  that  these  intoxications 
give  different  urea  readings  with  high  non-coaguable  nitrogen  than 
is  found  in  chronic  nephritis.     Urea  nitrogen  in  nephritis  usuaUy 
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constitutes  more  than  50  to  60  per  cent  of  the  total  nitrogen,  but 
here  it  is  seen  that  it  often  falls  below  SO  per  cent.  The  residual 
or  undetermined  nitrogen  in  these  experiments  is  constantly  high. 
We  suspect  that  this  is  a  fairly  constant  feature  in  various 
proteose  intoxications. 

TABLE  ni. 
Closed  Loop  of  Duodenum  and  Jefunum.    Gastro-Enterostomy. 


Dog.  No. 

Dayftfter 
operation. 

Non- 
ooagolable 
nitrogen.* 

Remarks. 

15-2 

2 
3 
4 

41 

89 

113 

Condition  good,  vomiting. 
«              it 

Grave  intoxication;  subnormal  temperature.    Hilled. 

15-9 

1 
2 

51 
103 

Blood  taken  at  time  of  operation.     Weight  SZ  lbs. 
Dog  sick,  listiess,  vomiting.    Died  during  night. 

15-10 

1 
2 
3 
4 

20 

35 

70 

*    135 

Blood  at  operation.    23  lbs. 

Dog  toxic.    Pulse  good. 

Dog  in  fair  condition.    Intoxication  moderate. 

Dog  toxic.    Pulse  weak.    Killed. 

15-14 

1 
2 
3 
4 
5 
5 

40 
33 
37 
53 
55 
65 

Blood  before  operation.    30  lbs. 
Dog  vomiting.    Slightiy  toxic. 

"          "            Moderately  toxic.    28.5  lbs. 
Little  vomiting.    Condition  the  same. 
11  a.m.  Dog  sick.    Muscular  tremors.    26.5  lbs. 
2.30  p.m.    Killed.    Amino  nitrogen  5.7  mg.  per  100  cc. 

*  Non-coagulable  nitrogen  is  given  in  terms  of  mg.  per  100  cc.  of  blood. 

Long  Loop  of  Di4odenum  and  Jejunum.    Gastro-Enterostomy. 

Dog  15-10. — ^Long  haired  mongrel,  male;  weight  23.5  pounds. 

Mar.  3.  Isolated  a  long  loop  including  lower  half  of  duodeniun  and  upper 
part  of  the  jejunum;  occlusion  was  effected  by  means  of  tapes  applied  as  usual; 
gastro-enterostomy  performed. 

Mar.  4.    Dog  intoxicated.    Temperature  38.5^C. 

Mar.  5.    Condition  unchanged. 

Mar.  6.  Dog  very  sick;  much  vomiting.  Pulse  pressure  low.  Slow  respi- 
ration. Temperature  37.3^C.  Ether  anesthesia  and  bleeding  from  carotid, 
which  showed  an  arterial  pressure  scarcely  above  the  usual  venous  pressure. 

Autopsy. — ^Thorax  normal.  Peritoneum  is  clean  and  dry,  except  for  a  few 
bits  of  fibrin  dose  to  the  site  of  operation.    Liver  shows  a  little  congestion. 
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Other  organs  are  normal.  The  loop  is  completely  isolated  from  the  intestine; 
it  contains  about  50  cc.  of  creamy,  white,  syrupy  material  having  the  characteristic 
odor.  The  mucosa  shows  a  very  slight  amount  of  congestion,  no  ulceration, 
and  is  intact  throughout.  Under  the  microscope  it  appears  normal.  Loop 
fluid  preserved  for  further  study. 

The  protocol  of  Dog  15-10  (Table  III)  is  a  good  example  of  un- 
complicated closed  intestinal  loops  of  a  certain  t3^e.  It  will  be 
seen  that  the  non-coagulable  nitrogen  of  the  blood  rises  regularly 
with  the  intoxication  developing  under  these  conditions.  It  must 
not  be  forgotten  that  these  loops  include  the  lower  half  of  the  duo- 
denum and  much  of  the  upper  jejimum.  The  ends  of  the  loop  are 
closed  by  tapes,  and  the  contents  of  the  upper  duodenum  must  be 
forced  back  into  the  stomach  where  they  gain  access  to  the  jejim- 
um  by  a  posterior  gastrojejunostomy.  This  experiment,  therefore, 
causes  an  obstruction  to  the  first  half  of  the  duodeniun,  and  this  is 
of  no  small  importance,  as  is  seen  on  comparing  these  experiments 
with  other  closed  loops  of  a  different  sort  in  Table  V.  We  intend  to 
take  up  this  point  in  another  communication. 


TABLE  IV. 
Closed  Loop  of  Jejunum.     GastrO'Enlerostomy. 


Dog  No. 

Day  after 
operation. 

Non- 
coagulable 
nitrogen.* 

• 

Remarks. 

15-29 

2 

4 
5 

6 

mg. 
23 

35 
39 

98 

Blood  at  end  of  infusion.  Intoxication  definite.  In- 
fusion of  1,000  cc.  of  1%  dextrose  solution. 
Weight  35  lbs. 

Vomiting.    Pulse  fair. 

Dog  weak.  Blood  taken  before  infusion.  1,000  cc. 
of  10%  dextrose.    32  lbs. 

5  p.m.  Infusion  of  1,000  cc.  of  10%  dextrose.  11p.m. 
Animal  moribund.    Killed.    Loop  rupture. 

15-45 

4 

5 
5 

30 

76 

115 

Dog  slightly  intoxicated.    22  lbs. 
10  a.m.  Dog  about  the  same. 

5  p.m.  Dog  looks  sick.    Pulse  weak.    Killed.    Early 
peritonitis. 

15-19 

1 
2 

31 
62 

Blood  at  end  of  operation.    22  lbs. 
Dog  very  quiet.    Died  during  night.    Acute  intoxi- 
cation. 

*  Non-coagulable  nitrogen  is  given  in  terms  of  mg.  per  100  cc.  of  blood. 
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Lang  Loop  of  Jejunum  with  Rupture  and  Peritonitis. 

Dog  15-29. — ^Adult  spaniel,  male;  weight  35  pounds. 

Apr.  23.  Isolated  a  long  loop  including  the  lower  portion  of  the  duodenum 
and  about  3  feet  of  the  jejunum,  using  tapes.  Gastrojejunostomy  performed  as 
usual. 

Apr.  24.  Dog  is*  sick.  There  is  much  dark  brown  vomitus.  Pulse  poor,  and 
for  this  reason  infusion  of  normal  salt  solution  plus  1  per  cent  dextrose  was  given 
intravenously,  followed  by  much  improvement. 

Apr.  25.    Intoxication  not  striking. 

Apr.  26.    Much  vomiting.    Weight  33  pounds.    Temperature  38.5**C. 

Apr.  27.  Dog  seems  sick.  Weight  32  poimds.  Temperature  38.4**C.  12  m. 
Infusion  of  1,000  cc.  of  10  per  cent  dextrose.  5  p.m.  Dog  not  much  improved. 
Given  a  second  infusion  of  1,000  cc.  of  10  per  cent  dextrose. 

Apr.  28.  Much  vomiting.  Pulse  tension  low.  Temperature  38.4°C.  Weight 
31.3  pounds.  5  p.m.  Infusion  of  1,000  cc.  of  10  per  cent  dextrose.  Dog  is 
vomiting  constantly.     11  p.m.  Dog  very  sick.    Ether  anesthesia.    Killed. 

Autopsy. — ^The  peritoneal  cavity  contains  500  cc.  of  blood-tinged  loop  fluid 
of  the  usual  appearance.  The  peritoneum  is  specked  with  ecchymoses,  but  there 
is  no  fibrin.  Rupture  took  place  at  the  site  of  the  lower  ligature,  which 
cut  through  the  wall  of  the  intestine.  Upper  ligature  is  tight.  Death  took  place 
promptly  from  absorption  of  the  toxic  material  poured  from  the  loop  into  the 
peritoneum.  The  organs  show  some  congestion  associated  with  intoxication  by 
means  of  loop  fluid.  Loop  is  empty.  It  shows  congestion  and  some  areas  of 
submucous  hemorrhage  due  undoubtedly  to  acute  distention. 

The  protocol  of  Dog  15-29  (Table  IV)  shows  the  same  rise  in  non- 
coagulable  blood  nitrogen  noted  in  the  closed  intestinal  loop  experi- 
ments of  Table  III.  These  experiments  show  various  complications 
met  with  in  these  loop  experiments, — ^peritonitis,  rupture  of  loop,  and 
overwhelming  intoxication.  When  the  intoxication  is  very  acute  and 
severe,  the  infusion  of  normal  salt  or  dextrose  solutions  will  not 
depress  the  level  of  non-coagulable  nitrogen  in  the  blood. 

Long  Loop  of  Jejunum.     Rupture  in  20  Days. 

Dog  16-22. — Fox-terrier,  male;  weight  18.5  pounds. 

Sept.  28.  Isolated  a  long  loop  of  jejunum;  ends  of  loop  sectioned  and  turned 
in;  the  jejunum  joined  around  the  loop  by  end  to  end  anastomosis  to  establish 
direct  continuity  of  intestinal  lumen. 

Sept.  29.  Dog  looks  well;  no  vomiting.  (See  Table  V  for  details  of  tem- 
perature, weight,  and  non-coagulable  and  urea  nitrogen).  There  was  steady 
loss  of  weight  during  the  next  week  with  occasional  attacks  of  vomiting;  at  times 
the  dog  eats  a  little  food. 


TABLE  V. 

Long  Loop,  Jefunum,  Ileum, 


Dog  No. 

after 

OpOHr 

tJon. 

NOB" 

nhfo- 
teo.* 

Urea 
nitio* 

Weight. 

Taap. 

Remarkf. 

mg. 

mg. 

Uu, 

•c. 

16-20 

1 

49 

9 

39.0 

— 

Before  operation.    Long  loop  jejunum. 

1 

50 

8 

— 

— 

After  operation. 

3 

60 

4 

— 

40.0 

Condition  good. 

I 

4 

28 

7 

— 

40.0 

Dog  has  vomited. 

5 

35 

11 

37.5 

40.1 

No  vomiting. 

8 

24 

8 

36.8 

40.1 

«         11 

9 

22 

6 

37.3 

— 

Condition  improved. 

10 

28 

8 

37.5 

39.8 

Dog  in  good  condition. 

11 

28 

8 

36.5 

39.7 

«     «      it          t( 

13 

33 

12 

35.3 

— 

Dog  vomiting  and  intoxicated. 

14 

53 

16 

^■^ 

^■^ 

Dog  vomiting.  Infusion  of  1,000  cc.  of 
7%  dextrose  solution. 

IS 

51 

18 

33.0 

39.3 

Dog  vomiting,  weaker.    Death  18th  day. 

16-22 

1 

22 

10 

18.5 

— 

Before  operation.    Long  loop  jejunum. 

3 

36 

8 

18.0 

39.4 

Intoxicated.    No  vomiting. 

4 

— 

16 

17.5 

— 

Vomiting,  large  amount. 

5 

35 

19 

17.3 

39.3 

Little  vomiting. 

7 

30 

14 

15.8 

38.9 

*'          **            Loss  of  strength. 

9 

36 

10 

15.5 

39.1 

No  vomiting. 

11 

35 

12 

15.5 

39.1 

Solid  feces. 

14 

36 

6 

15.3 

— 

Condition  the  same. 

15 

48 

9 

15.0 

— 

No  vomiting. 

16 

43 

10 

14.5 

— 

Animal  looks  intoxicated. 

20 

41 

20 

13.7 

38.8 

Dog  weak.  Infusion  of  1,000  cc  of  7% 
dextrose. 

21 

64 

29 

— 

— 

Dog    sick.    Killed. 

16-37 

5 

90 

21 

27.3 

38.9 

Vomiting  for  past  3  days.    Loog  loop  of 

ileum. 

6 

45 

20 

27.3 

39.1 

Dog  improved;  no  vomiting;  eating. 

10 

53 

20 

25.8 

38.9 

Some  diarrhea. 

11 

— 

13 

— 

— 

Dog  looks  well. 

13 

59 

21 

24.3 

— 

Condition  the  same. 

14 

57 

25 

24.0 

— 

Dog  improved. 

15 

31 

19 

23.8 

— 

Passed  solid  stooL    Eating. 

17 

54 

32 

24.0 

38.9 

Peristalsb  visible  in  abdoowB. 

18 

40 

19 

24.0 

39.3 

Dog  losing  ground. 

19 

40 

9 

23.8     38.9 

Condition  good.    KiDed. 

*  Non-coagulable  and  urea  nitrogen  are  given  in  terms  of 
of  blood. 
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Oct.  14.  Dog  has  passed  formed  stools.  No  vomitus.  Weight  14.5  pounds. 
There  is  evidence  of  chronic  intoxication.  Dog  was  injected  with  a  toxic  pro- 
teose obtained  from  ox  pancreas;  dog  was  slightly  intoxicated  by  this  proteose, 
while  a  normal  control  animal  was  fatally  poisoned  in  11  hours  by  a  similar  dose. 

Oct.  15.    Dog  looks  well;  no  vomitus. 

Oct.  18.    Dog  is  very  sick.    Ether  anesthesia.    Killed. 

Autopsy. — ^Thorax,  heart,  and  lungs  normal;  spleen,  kidney,  pancreas,  etc., 
normal;  liver  rather  atrophic;  no  signs  of  fatty  degeneration.  Peritoneal  cavity 
contains  a  good  deal  of  the  loop  fluid  which  has  escaped  from  a  recent  rupture. 
There  is  little  reaction  in  the  peritoneum  as  the  intoxication  was  so  acute. 
Stomach  and  intestine  outside  of  loop  show  congestion  of  the  mucosa  so  common 
in  proteose  intoxication.  Loop  is  made  up  of  two  parts  isolated  by  old  adhesions. 
One-half  is  slightly  collapsed  due  to  escape  of  fluid  into  the  peritoneum;  there  is 
an  ulcer  in  the  wall,  which  has  perforated  the  mucosa;  all  this  portion  is  somewhat 
red  and  swollen,  and  shows  two  other  ulcers  involving  the  mucosa.  The  other 
half  of  the  loop  consists  of  three  small  coils  twisted  about  its  mesenteric  attach- 
ment; adhesions  have  caused  some  constriction  of  mesenteric  vessels  giving 
engorgement  of  the  loop  but  not  infarction;  this  portion  of  the  loop  contains  a  pale, 
slate  colored  fluid  with  no  blood;  the  mucosa  is  swollen  and  engorged  but 
shows  no  hemorrhage;  the  walls  of  the  loop  are  everywhere  hypertrophied. 

The  protocol  of  Dog  16-22  (Table  V)  shows  a  different  type  of 
closed  intestinal  loop  with  a  slowly  progressing  intoxication  and 
relatively  slight  changes  in  the  non-coagidable  nitrogen  of  the  blood. 
The  loops  of  the  jejunum  or  ileum  are  isolated  completely  by  cross  sec- 
tion of  the  gut  in  two  places.  The  loop  is  made  by  turning  in  the  ends 
of  the  isolated  portion  of  the  intestine  or  by  doing  an  end  to  end 
anastomosis  thus  forming  a  circle  out  of  the  isolated  gut.  The  con- 
tinuity of  the  rest  of  the  intestine  is  established  by  means  of  an  end 
to  end  anastomosis  which  gives  an  imobstructed  flow  from  duodenum 
to  jejimum  and  ileiun.  This  does  away  with  the  obstruction  in  the 
first  half  of  the  duodenum  which  is  present  in  the  loops  isolated  by 
ligature  and  gastrojejunostomy  (Tables  III  and  IV).  The  difference 
in  severity  of  intoxication  under  these  conditions  is  obvious. 

The  urea  nitrogen  readings  in  general  show  a  low  percentage  value 
of  the  total  non-coagulable  nitrogen.  The  weight  curve  shows  the 
gradual  loss  in  body  weight  due  to  the  chronic  intoxication,  even 
in  the  absence  of  vomiting. 

The  immunity  to  proteose  injection  (Dog  16-22)  shown  by  a  dog 
with  a  long  standing  closed  intestinal  loop  indicates  that  the  presence 
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of  a  closed  loop  of  intestine  causes  a  chronic  proteose  intoxication 
which  gives  a  certain  degree  of  immunity  against  poisoning  by  various 
foreign  proteoses.  This  point  will  be  taken  up  in  another  com- 
munication and  the  experiments  will  be  given  in  detail. 

TABLE  VI. 
Long  Loop  J  Jejunum,  Ileum,  Complications, 


Day 
after 
opera- 
tion. 

Non- 
ooagu- 

Urea 

Dog  No. 

lable 
nitro- 
gen.* 

nitro- 
gen.* 

Weight. 

Temp. 

ffif. 

mg. 

lbs. 

•c. 

16-42 

3 

32 

13 

21.0 

39.1 

Long  loop  jejunum,  obstruction,  peritonitis. 

4 

39 

15 

20.5 

39.0 

Considerable  vomiting. 

5 

39 

13 

20.7 

38.8 

"               *'            Animal  looks  sick. 

6 

50 

22 

21.0 

37.9 

9.30  a.m.    No  vomitus. 

6 

56 

39 

— 

34.5 

4  p.m.    Dog  toxic.    Killed. 

16-48 

4 

30 

14 

19.5 

39.0 

Long  loop  jejunum,  terminal  obstruction, 
and  volvulus. 

6 

45 

19 

19.0 

39.2 

Condition  good.    No  vomiting. 

8 

32 

15 

19.3 

38.8 

Condition  the  same. 

12 

46 

22 

19.5 

39.3 

«  "  «  Found  dead  on  13th 
day. 

16-57 

1 

58 

23 

18.5 

— 

Short  loop  of  ileum.    General  peritonitis. 

6 

44 

11 

15.5 

39.3 

Dog  has  been  in  good  condition. 

8 

166 

51 

15.5 

36.8 

Some  vomiting.   Animal  moribund.   KiDed. 

16-71 

1 

36 

12 

27.5 

Long  loop  of  jejunum.  General  perito- 
nitis. 

2 

36 

12 

26.3 

38.3 

Dog  in  fair  condition. 

4 

53 

31 

^H^M 

Animal  moribund.    KiUed. 

16-39 

1 

15 

24.5 

Long  loop  of  jejunum.  General  perito- 
nitis. 

3 

71 

18 

23.5 

38.8 

Much  vomiting.  Pulse  poor.  Infusion  of 
1,000  cc.  of  5%  dextrose.  Blood  at  end 
of  infusion.    Death  next  day. 

*  Non-coagulable  and  urea  nitrogen  are  given  in  terms  of  mg.  per  100  cc, 
of  blood. 
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Lang  Loop  of  Jgunum.    Obstruction.    General  Peritonitis. 

Dog  16-42. — Mongrel,  male;  weight  22  pounds. 

Nov.  6.  Isolated  a  long  loop  of  jejunum  by  section  and  inversion  of  ends; 
jejunum  joined  around  the  loop  by  means  of  end  to  end  anastomosis  between 
upper  and  lower  end. 

Nov.  8.    Dog  pretty  well.    Temperature  39.2®C.    Weight  22  pounds. 

Nov.  9.    Much  vomiting. 

Nov.  10.    Dog  seems  better.     (See  Table  VI  for  details.) 

Nov.  11.  Little  vomiting.  Temperature  37.9**C.  Weight  21  poimds.  4 
p.m.  Dog  is  very  weak.    Temperature  34.5°C.    Ether  anesthesia.    Killed. 

Autopsy. — ^Thorax,  heart,  and  lungs  normal.  Peritoneal  cavity  contains  many 
isolated  pockets  of  purulent  exudate.  A  large  rotmd  worm  is  free  in  the  perito- 
neal cavity,  evidently  having  escaped  from  the  loop,  which  contains  numerous 
similar  worms.  There  are  organized  adhesions  just  below  the  end  to  end  an- 
astomosis causing  a  sharp  kink  and  probably  complete  obstruction.  Duo- 
denum and  jejuniun  contain  the  usual  obstruction  fluid.  The  loop  contains 
130  cc.  of  pale,  slate  colored  fluid  with  a  strong  odor.  There  are  niunerous  live 
and  active  round  worms  in  the  loop.  No  point  can  be  found  where  the  worm 
escaped  from  the  loop.    The  peritonitis  is  probably  of  1  or  2  days'  duration. 

The  protocol  of  Dog  16-42  (Table  VI)  shows  some  of  the  compli- 
cations which  may  arise  in  the  closed  loop  experiments.  Peritonitis 
is  most  common,  but  volvulus  and  obstruction  may  occur.  These 
complications  do  not  modify  the  picture,  and  we  have  good  evi- 
dence that  peritonitis  alone  may  be  associated  with  a  high  non-coag- 
ulable  nitrogen.  It  is  of  interest  to  note  that  we  have  been  able  to 
isolate  a  toxic  proteose  from  peritoneal  exudates,  and  we  believe 
that  this  proteose  is  of  considerable  importance  in  explaimng  the 
intoxication  of  general  peritonitis.  The  rise  in  Aon-coagulable  nitro- 
gen in  the  blood  may  be  in  part  due  to  the  proteose  intoxication. 

Proteose  Injection.    Rise  in  Non-Coagtdahle  Nitrogen. 

Dog  15-50. — Small  black  and  tan,  male;  weight  13  poimds. 

12  m.  (A)  Blood  non-coagulable  nitrogen  33  mg.  per  100  cc.  of  blood;  ether 
anesthesia  and  intravenous  injection  of  purified  proteose  obtained  from  closed 
intestinal  loops.  Kymograph  observation  during  slow  injection  of  65  cc.  of  solu- 
tion of  proteose  which  had  been  reprecipitated  first  by  alcohol  and  then  by  half 
saturation  with  ammonium  siilphate  as  described  previously  (5).  There  was  a 
little  fall  in  blood  pressure. 

12.45  p.m.  After  injection  (B)  blood  non-coagulable  nitrogen  40  mg.  per  100 
cc.  of  blood. 
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3.15  p.m.    (C)  Blood  non-coagulable  nitrogen  80  mg.  per  100  cc.  of  blood. 

4  p.m.    Death  with  prostration  and  subnormal  temperature. 

Autopsy, — There  is  the  typical  splanchnic  engorgement  due  to  fatal  proteose 
intoxication.  Spleen  and  liver  are  swollen  and  purple.  Mucosa  of  duodenum 
and  jejunum  is  swollen  and  deep  reddish  purple. 

Dog  15-51, — Small  fox-terrier,  female;  weight  15.5  poimds. 

12  m.  (A)  Blood  non-coagulable  nitrogen  39  mg.  per  100  cc.  of  blood.  Ether 
anesthesia  and  intravenous  injection  of  purified  proteose  obtained  from  closed 
intestinal  loops.  Kymograph  observation  during  injection  of  50  cc.  of  fluid 
showed  no  change  in  blood  pressure. 

12.30  p.m.  After  injection  (B)  blood  non-coagulable  nitrogen  32  mg.  per  100 
cc.  of  blood. 

5  p.m.    (C)  Blood  non-coagulable  nitrogen  58  mg.  per  100  cc.  of  blood. 
Dog  is  prostrated;  much  vomiting  and  diarrhea. 

Died  in  night. 

Autopsy. — ^The  findings  are  characteristic  of  proteose  intoxication.  There  is 
much  blood-tinged  fluid  in  the  intestines,  and  the  mucosa  is  red  and  swollen. 

These  two  experiments  (Dogs  15-50  and  15-51)  are  of  considerable 
interest,  and  show  that  acute  poisoning  with  a  pure  proteose  may  cause 
the  blood  non-coagulable  nitrogen  to  double  in  amount  in  3  hours; 
for  example,  a  rise  from  40  to  80  mg.  The  proteose  used  in  these 
experiments  was  pure,  and  not  over  200  mg.  were  injected.  The 
addition  of  this  to  the  blood  itself  could  not  be  detected  by  any 
method  in  use,  and  the  method  used  by  us  causes  precipitation  of  all 
primary  proteoses  at  least.  The  great  rise  in  non-coagulable  nitrogen 
obviously  must  be  explained  by  disintegration  of  body  or  tissue  pro- 
tein. This  is  of  importance  in  explaining  the  high  non-coagulable 
nitrogen  associated  with  the  dosed  loops  of  intestine  or  intestinal  ob- 
struction. In  both  instances  we  are  dealing  with  a  proteose  intoxi- 
cation, and  we  believe  that  much  of  the  increase  in  blood  non-coagu- 
lable nitrogen  is  due  to  disintegration  of  the  tissues  of  the  body. 
Catabolism,  in  other  words,  must  be  responsible  for  much  of  the 
non-coagulable  nitrogen  rather  than  retention. 

Tables  VII  and  VIII  give  the  nitrogen  partition  of  the  total  non- 
protein nitrogen  of  the  blood  expressed  in  mg.  per  100  cc.  of  blood. 
One  control  nephritis  gives  a  residual  nitrogen  of  11  per  cent  and  82 
per  cent  urea  nitrogen.  A  second  case  (Dog  16-49  in  Table  VIII) 
shows  a  similar  picture.  This  experiment  presents  isolation  of  the 
bladder  and  implantation  of  the  ureters  into  the  intestine.    There 
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tabu:  vn. 

Intestinal  Loops.    Peritonitis  and  Obstruction. 


1 

1 

k 

i 

£ 

k 

« 

a 

No. 

Urea 
nitrogen. 

mino  ni 
gen. 

ric  add  ni 
gen. 

reatine  ni 
gen. 

reatini 
nitrogen. 

Residual 
nitrogen. 

mg. 

< 
mg. 

iiif. 

O 
mg. 

U 

mg. 

per 

e§ni 

mg. 

mg. 

Dog  16-37 

40 

9 

23 

1.4 

0.6 

0.6 

1.5 

26.9 

67 

Long  loop  of  ileum.  Killed 
19th  day. 

"   16-42 

56 

39 

69 

4.5 

0.6 

1.0 

5.6 

5.3 

9 

Long  loop  of  jejunum.  Peri- 
tonitis, obstruction. 

"   16-57 

166 

51 

30 

6.0 

0.6 

0.8 

11.0 

96.6 

58 

Long  loop  of  ileum.  Peri- 
tonitis. 

"   16-71 

53 

31 

58 

3.7 

1.1 

0.8 

7.3 

10.1 

19 

Long  loop  of  jejunum.  Peri- 
tonitis. 

"   16-80 

40 

28 

70 

3.9 

1.0 

0.3 

3.1 

3.7 

9 

Long  loop  of  ileum.  Peri- 
tonitis. 

"   15-45 

115 
296 

77 
137 

60 

— 

— 

0.8 
0.7 

5.9 

— 

— 

Long  loop  of  jejunum. 

Cat  16-7 

46 

6.8 

2.3 

21.3 

127.9 

43 

Long  loop  of  jejunum  and 

obstruction.    Death   in   4 

47 

da3rs. 

Dogl6^i5 

90 

43 

5.5 

— 

— 

— 

Simple    obstruction.    Death 

in  5  days. 

"   16-82 

47 

17 

36 

2.5 

1.4 

0.2 

3.3 

22.6 

48 

Simple     obstruction.    Killed 

65 

2.3 

0.9 

0.3 

21 

in  7  days. 

Casel 

164 

107 

10.2 

35.2 

Simple     obstruction.    Pneu- 

(Man) 

• 

monia.    Death  in  5  dajrs. 

Nitrogen  is  given  in  terms  of  mg.  per  100  cc.  of  blood. 

was  some  obstruction  to  the  outflow  of  urine  and  some  escape  into  the 
peritoneum  with  an  irritant  peritonitis  and  absorption  consequent  to 
this.  Here  there  are  two  factors — ^retention  or  lack  of  elimination 
plus  peritonitis. 

The  tables  show  a  high  per  cent  of  residual  nitrogen  or  a  low  rela- 
tive per  cent  of  urea  nitrogen.  This  is  true  particularly  in  the  severe 
proteose  intoxication  with  high  hon-coagulable  nitrogen.  Similar 
high  readings  in  cases  of  nephritis  and  retention  will  scarcely  show 
such  high  percentages  of  residual  nitrogen.    For  this  reason  we  be- 
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TABLE  Vm. 
Bladder  Isolation,  Chronic  Nephritis,  Peritonitis,  etc. 


■H 


.. 

M^ 

28.9 

22 

41.9 

11 

23.2 

32 

9.1 

25 

16.3 

40 

94.4 

57 

30.2 

45 

Bladder  bolatioa.  Vrine  es- 
cape.   Peritonitis. 

Chronic  nq>britis.  Old  dog. 
Hemoirhagic  gastritit. 

Acute  di5telI^>e^. 

Drained  loop  of  ileum.  Sub- 
cutaneous abscess. 

Skin    indsions.    M3d    dii- 

General  peritonitis. 
Dbtemper.    Pneumonia. 


Nitrogen  is  given  in  terms  of  mg.  per  100  cc.  of  blood. 

lieve  that  the  non-coagulable  nitrogai  detennination  gives  more 
informatioD  than  does  urea  nitrogen,  and  is  of  more  clinical  value  in 
diagnosis  and  prognosis. 

The  blood  content  of  amino  nitrogen  and  uric  add  nitrogen  is 
low  normal,  and  shows  fluctuations  within  normal  limits.  Ammonia 
nitrogen  was  done  in  the  majority  of  eaperiments  but  the  method  is 
inacciurate  and  the  values  are  probably  too  high.  It  seemed  best  to 
leave  these  analyses  out  of  the  table  and  assume  that  ammonia  ni- 
trogen is  included  in  the  urea  nitrogen.  The  difference  scarcely 
exceeds  1  mg.  at  the  most. 

The  creatine  fraction  is  constantly  low,  but  it  is  of  interest  to 
note  that  the  creatinine  nitrogen  may  be  very  high  in  many  of  these 
proteose  intoxications,  particularly  in  intestinal  obstruction  and 
closed  intestinal  loops.  There  are  many  readings  of  more  than  5  mg. 
per  100  cc.  of  blood,  and  one  experiment  (Table  VII,  Cat  16-7) 
shows  a  reading  of  21.3  mg.  This  occurred  in  a  cat  with  intestinal 
obstruction  plus  a  closed  intestinal  loop  with  a  non-coagulable  ni- 
trogen of  296  mg.  per  lOOcc.of  blood.    The  kidneys  in  all  these  cases, 
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unless  otherwise  noted,  were  normal.  It  is  to  be  recalled  that  all 
these  animals  were  sick  and  refused  food — ^in  fact  the  majority  were 
vomiting  more  or  less.  A  himian  case  of  intestinal  obstruction  and 
pneumonia  shows  a  very  high  creatinine  value,  10.2  mg.,  but  autopsy 
showed  practically  normal  kidneys. 

Human  Intestinal  Obstruction.    Death  in  5  Days. 

Case  I. — C.  K.,  Gemian,  male,  68  years  of  age. 

Fast  History. — ^Negative. 

Present  Illness. — ^Began  Jan.  16,  1916,  with  indefinite  pain.  No  bowel  move- 
ments since  this  time. 

Jan.  17.  A  good  deal  of  epigastric  pain  with  vomiting,  which  became  fecal 
in  t3^e  the  following  day.    Patient  given  castor  oil  and  salts  without  results. 

Jan.  18.    Condition  imchanged,  except  that  vomiting  became  more  severe. 

Jan.  19.  Entered  hospital.  At  this  time  he  had  marked  abdominal  tender- 
ness, and  was  vomiting  frequently.  Vomitus  fecal  in  odor,  watery,  with  fine 
brownish  precipitate.  Blood  obtained  showed  very  high  non-coagulable  nitro< 
gen.  Patient  given  900  cc.  of  6  per  cent  glucose  with  sodium  carbonate  intra- 
venously.   Infusion  improved  condition  of  patient. 

Blood  Examination. — White  blood  cells  18,400;  hemoglobin  90  per  cent. 

3  p.m.  Laparotomy  and  abdominal  exploration.  A  portion  of  greatly  con- 
gested intestine,  about  10  cm.,  was  found;  the  wall  was  edematous.  It  was  placed 
back  in  the  abdominal  cavity.    Abdomen  dosed.    Volvulus(?). 

Jan.  20.  10  a.m.  Blood  again  obtained,  and  showed  some  decrease  in  non- 
coagulable  nitrogen;  vomiting  not  so  marked;  considerable  fecal  matter  obtained 
by  means  of  an  enema.  Pulse  not  good.  4  p.m.  Blood  again  obtained;  showed 
rising  non-coagulable  nitrogen.  Given  infusion  of  750  cc.  of  6  per  cent  glucose 
intravenously.  '- 

Jan.  21.  6  a.m.  Patient  died  in  stupor.  Blood  obtained  by  cardiac  puncture 
a  few  minutes  after  death. 

Autopsy  performed  5  hours  after  death. 

Anatomical  Diagnosis. — ^Intestinal  obstruction;  volvulus  (?);  operation  wound 
for  relief  of  obstruction;  early  infarction  and  necrosis  of  loop  of  ileum;  early 
serofibrinous  peritonitis;  bronchopneumonia  (pseudolobar)  of  both  lungs;  acute 
hemorrhagic  bronchitis;  cloudy  swelling  of  viscera. 

The  abdomen  is  considerably  distended  and  tense.  On  incision  a  small  amoimt 
of  blood-tinged,  slightly  turbid  fluid  is  found  between  the  coils  of  an  enormously 
distended  small  intestine.  The  loops  are  somewhat  glued  together  by  dry,  plastic 
exudate.  The  surface  of  the  intestines  is  somewhat  dry  and  very  definitely  in- 
jected, more  especially  in  the  region  of  the  abdominal  incision.  There  are  no  ad- 
hesions except  over  the  spleen.  There  are  no  hernial  openings  to  be  found  in  the 
pelvis  or  inguinal  region.    One  of  the  stitches  in  the  abdominal  woimd  has  caught 
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and  firmly  held  a  bit  of  omentum.  One  segment  of  the  intestine,  dark  red  in  color  and 
considerably  swollen,  measuring  about  15  cm.  in  length,  is  found  close  to  the  liver. 
The  swelling  involves  the  wall  of  the  intestine  and  the  mesentery  to  a  distance  of 
about  5  cm.  from  the  intestinal  attachment.  There  is  a  clean-cut  line  of  demarca- 
tion between  the  relatively  normal  but  elongated  mesentery  and  the  short,  inflamed, 
edematous  mesenteric  portion  dose  to  the  intestine.  The  line  of  demarcation  on 
the  intestine  is  quite  sharp,  particularly  at  the  upper  end.  It  appears  as  though 
a  band,  or  definite  tight  constriction,  had  been  drawn  about  the  portion  of  the 
ileum  including  the  small  part  of  the  mesentery,  shutting  off  a  considerable  part 
of  the  blood  supply.  This  may  have  been  due  to  a  twist  of  the  relaxed  elongated 
mesentery.  This  was  evidently  relieved  at  operation,  but  the  circulation  did  not 
establish  itself  properly  owing  to  tissue  injury,  and  the  general  appearance  was  that 
suggesting  early  hemoniiagic  infarction.  The  picture,  however,  was  not  com- 
plete. Careful  section  of  the  mesenteric  veins  showed  them  to  be  quite  free  from 
thrombi  even  in  their  finer  branches.  There  may  be  some  very  small  thrombi 
in  the  smaller  branches  close  to  the  mesenteric  border,  but  these  could  not  be 
dissected  out. 

Lungs. — ^The  right  lung  weighs  870,  and  the  left  560  gm.  The  limgs  are  volumi- 
nous, cushiony  in  their  anterior  portions;  they  are  heavy  and  consolidated  pos- 
teriorly. The  pulmonic  vessels  are  clear.  The  bronchi  are  intensely  inflamed, 
their  mucosa  is  velvety  and  purple,  and  they  contain  much  serous  blood-tinged 
fluid.  On  section  the  anterior  portions  are  dry  and  cushiony.  The  posterior 
portions  are  consolidated  and  very  moist.  One  can  scrape  off  purulent  material. 
The  consolidation  involves  the  posterior  portion  of  the  left  upper  and  the  greater 
portion  of  the  right  upper  lobe  and  part  of  the  right  middle  lobe.  These  areas 
of  consolidation  are  mottled  gray  and  purplish  red.  Some  of  the  gray  areas  are 
very  soft,  and  creamy  material  can  be  scraped  off,  indicating  a  beginning  reso- 
lution of  the  exudate.  This  pneumonic  process  must  have  been  of  several  days 
duration — estimated  2  to  3  days. 

Kidneys. — Cai)sule  comes  off  easily  leaving  a  smooth  surface,  but  for  two 
retention  cysts.  There  is  one  large  retention  C3rst  in  the  upper  pole  of  the  right 
kidney  measuring  about  2  cm.  in  diameter.  Its  wall  contains  a  few  thin  plaques 
of  calcified  material.  The  kidney  parenchyma  on  section  appears  normal.  The 
pelvis  is  normal. 

Microscopic  Examination.  Kidneys. — ^There  are  a  few  hyaline  casts  in  some 
of  the  tubules,  also  a  few  hyaline  scars  in  the  cortex.  In  general  the  paren- 
chyma looks  normal  except  for  definite  cloudy  swelling  of  the  epithelium  lining  the 
convoluted  tubules.  There  is  no  epithelial  necrosis.  The  stroma  of  the  pjrra- 
mids  shows  a  little  edema. 

Lungs. — ^The  patches  of  pneumonia  show  the  alveoli  filled  with  an  exudate  of 
coagulated  serum,  mono-  and  pol3niuclear  cells,  fibrin,  and  enormous  ntmibers 
of  bacteria.  In  places  the  bacteria  form  almost  a  solid  mat  of  rods  showing 
capsules.    The  great  overgrowth  of  bacteria  is  the  striking  feature  of  this  lung. 
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Mesentery. — ^The  swollen  hemorrhagic  area  shows  a  few  small  recent  thrombi, 
but  most  of  the  veins  are  free.  There  is  extreme  extravasation  of  red  blood  cells 
into  its  stroma.  The  other  portion  of  the  anatomical  protocol  may  be  omitted, 
as  it  has  no  bearing  on  the  points  under  consideration. 

TABLE  DC. 
Human  Intestinal  Obstruction. 


Time. 


2  hrs.  before  operation. 


18  " 
26  " 
46    "       " 


after 


it. 


Non- 
ooagu- 
lahle 
nitro- 
gen.* 

Urea 
nitio- 
gen.* 

Urea. 

mg. 

mg. 

percent 

145 

30 

20 

76 

48 

63 

80 

52 

60 

164 

107 

65 

Remarki. 


After  infusion  of  900  cc.  of  1%  sodium 

carbonate  and  6%  glucose. 
After  infusion  of  400  cc.  of  6%  glucose. 

Heart  blood  (see  Table.VII). 


u 


*  Non-coagulable  and  urea  nitrogen  are  given  in  terms  of  mg.  per  100  cc. 
of  blood. 

The  human  case  (Table  DC)  is  of  much  interest  as  the  observations 
on  the  blood  are  fairly  complete,  and  autopsy  material  is  available. 
Clinically  it  was  a  dear  case  of  obstruction  due  to  volvulus  with 
partial  infarct  formation  in  the  intestine  and  a  complicating  pneu- 
monia. The  non-coagulable  nitrogen  of  the  blood  was  constantly 
high  in  spite  of  transfusion  at  various  times.  The  elimination  of 
urine  was  considerable,  because  of  the  transfusions,  and  showed 
nothing  of  interest — z.  mere  trace  of  albumin  and  an  occasional  cast. 

Table  IX  shows  that  there  is  a  rise  in  urea  and  drop  in  non-coagu- 
lable nitrogen  after  the  first  infusion.  We  have  noted  this  imder  the 
same  circumstances  in  dogs,  but  are  not  able  to  advance  an  explana- 
tion. The  high  creatinine  value  (Table  VIII)  is  of  interest,  as  the 
kidneys  are  shown  to  be  practically  normal.  This  case  gives  blood 
findings  identical  with  those  observed  in  animals  under  similar  con- 
ditions, and  indicates  that  our  experiments  give  information  which 
may  be  of  value  in  the  study  of  human  cases. 


DISCUSSION. 


We  believe  that  it  may  be  assumed  as  proven  that  the  non-coagu- 
lable nitrogen  of  the  blood  in  the  majority  of  instances  is  definitely 
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increased  in  intestinal  obstruction  or  with  closed  loops  of  intestine. 
With  acute  intoxication  this  rise  in  non-coagulable  nitrogen  is  apt  to 
be  more  striking  and  constant.  When  this  rise  in  non-coagulable 
nitrogen  of  the  blood  does  occur,  it  is  a  grave  sign,  and  is  a  clinical 
index  of  a  severe  intoxication  even  in  spite  of  other  clinical  evidence 
to  the  contrary.  But  a  low  non-coagulable  nitrogen  does  not  guar- 
antee a  mild  grade  of  intoxication.  We  are  convinced  that  a  knowl- 
edge of  the  blood  non-coagulable  nitrogen  is  of  considerable  dinical 
value  in  the  prognosis  of  acute  abdominal  conditions. 

It  should  be  kept  in  mind  that  the  urea  nitrogen  as  well  as  creatinine 
nitrogen  may  show  high  values  in  these  conditions,  and  these  points 
may  be  of  value  in  differential  diagnosis.  It  is  established  that  other 
conditions  besides  chronic  nephritis  may  show  a  marked  increase  in 
the  creatinine  and  urea  nitrogen  of  the  blood.  It  should  be  recalled 
that  "creatinine  rises  above  2.5  mg.  per  100  cc.  of  blood  almost  with- 
out exception  only  in  conditions  with  renal  involvement"  (Myers 
and  Lough  (6)) .  The  conditions  studied  by  us  show  a  high  areatinine 
fraction  and  constitute  exceptions  to  this  statement. 

It  will  be  noted  that  the  undetermined  nitrogen  in  these  ezperi- 
'  ments  is  imusually  high — ^more  so  than  in  cases  of  nephritis  with  high 
non-coagulable  nitrogen.  This  may  be  a  peculiarity  of  this  type  of 
intoxication  as  contrasted  with  simple  retention  of  nitrogenous  ma- 
terial, and  a  study  of  this  point  may  bring  out  much  valuable  infor- 
mation. 

Having  established  the  fact  that  the  non-coagulable  nitrogen  of 
the  blood  is  much  increased  in  many  cases  of  intestinal  obstruction 
or  of  dosed  intestinal  loops,  we  may  now  ask:  Why  does  not  the 
kidney  eliminate  these  substances  immediately?  The  kidneys  are 
normal  in  gross  and  by  functional  tests  in  practically  all  cases.  There 
can  be  no  true  retention  because  of  impaired  kidney  function.  There 
may  be  two  or  more  factors  concerned.  We  know  that  in  intestinal 
obstruction  the  current  of  fluid  is  mainly  out  of  the  body  and  by  way 
of  the  intestinal  tract,  and  it  is  possible  that  this  favors  the  accumu- 
lation of  certain  products  in  the  blood  stream.  The  kidnejrs  excrete 
small  amounts  of  highly  concentrated  urine. 

It  is  to  be  remembered,  too,  that  injection  of  a  small  amount  of  a 
toxic  proteose  may  cause  a  great  rise  in  non-coagulable  nitrogen  in 
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the  blood;  for  example,  a  rise  from  40  to  80  mg.  in  3  hours.  This 
cannot  be  due  to  lack  of  elimination,  and  we  must  assiune  destruction 
of  body  protein  to  account  for  this  remarkable  change.  We  may 
assume  that  any  acute  proteose  intoxication  may  be  associated  with 
a  similar  rapid  rise  in  non-coagulable  nitrogen  in  the  blood.  When  we 
have  more  information  about  this  point,  we  may  better  understand  the 
manner  in  which  the  toxic  proteoses  injirre  the  body  and  perhaps  the 
various  methods  of  body  defense. 

General  peritonitis  is  often  associated  with  a  definite  rise  in  non- 
coagulable  nitrogen  of  the  blood.  How  may  we  explain  this  obser- 
vation? It  may  be  argued  that  paralytic  ileus  is  alone  responsible, 
and  this  may  be  true  in  part.  However,  we  think  it  important  that 
a  toxic  proteose  can  be  isolated  from  the  exudate  in  cases  of  general 
peritonitis,  and  obviously  must  be  absorbed  by  the  host.  The  pro- 
teose intoxication  may  weU  be  responsible  for  this  change  in  non- 
coagulable  nitrogen.  We  hope  to  report  further  on  this  point  in  the 
near  future. 

SX7MMARY. 

Intestinal  obstruction,  as  a  rule,  is  associated  with  an  increasing 
amount  of  non-coagulable  nitrogen  in  the  blood.  With  acute  in- 
toxication the  rise  in  non-coagulable  nitrogen  may  be  rapid  and 
reach  as  high  as  three  or  even  ten  times  normal.  With  more  chronic 
intoxication  there  may  be  little  or  no  rise  in  the  blood  non-coagulable 
nitrogen. 

Closed  intestinal  loops  show  exactly  the  same  picture,  and,  when 
combined  with  obstruction,  may  give  very  high  nitrogen  readings. 

Acute  proteose  intoxication  due  to  injection  of  a  pure  proteose 
will  show  a  prompt  rise  in  blood  non-coagulable  nitrogen,  even  an 
increase  of  100  per  cent  within  3  or  4  hours. 

These  intoxications  also  show  a  high  blood  content  of  creatinine 
and  urea.    The  residual  or  undetermined  nitrogen  may  be  very  high. 

A  human  case  of  intestinal  obstruction  with  autopsy  presents 
blood  findings  exactly  similar  to  those  observed  in  many  animal 
experiments. 

Clinically  the  non-coagidable  nitrogen  of  the  blood  may  give  in- 
formation of  value  in  intestinal  obstruction.    A  high  reading  means 
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a  grave  iatx)xication,  but  a  low  reading  may  be  observed  in  some 
fatal  cases  and  gives  no  assurance  that  a  fatal  intoxication  may  not 
supervene. 

The  kidneys  in  practically  all  these  experiments  are  normal  in  all 
respects. 

It  is  possible  that  protein  or  tissue  destruction  rather  than  im- 
paired eliminative  f imction  is  responsible  for  the  rise  in  non-coagulable 
nitrogen  of  the  blood  in  these  acute  intoxications. 

Transfusions  of  dextrose  solutions  often  benefit  intestinal  obstruc- 
tion, and  may  depress  the  level  of  the  non-coagulable  nitrogen  in  the 
blood.  Some  cases  show  no  change  in  non-coagulable  nitrogen  fol- 
lowing transfusions  and  diuresis,  and,  as  a  rule,  such  cases  present 
the  most  severe  intoxication. 

The  writers  wish  to  express  their  appreciation  of  the  assistance 
given  by  Dr.  A.  R.  Kilgore  and  Dr.  T.  Steams  of  the  University 
of  California  Hospital. 
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THE  ORIGIN  AND  STRUCTURE   OF  A  FIBROUS  TISSUE 

FORMED  IN  WOUND  HEALING. 

By  GEORGE  A.  BAITSELL,  Ph.D. 
(From  the  Osbom  Zoological  Laboratory  of  Yale  University,  New  Haven,) 

PlATES  106  TO  109. 

(Received  for  publication,  March  14,  1916.) 

INTRODUCTION. 

In  a  previous  paper^  the  author  showed  that  in  living  cultures  of 
adult  frog  tissues  there  occurs,  in  many  instances,  a  transformation 
of  the  plasma  dot  in  which  the  living  tissue  is  imbedded.  This 
transformation  results  in  a  consolidation  or  fusion  of  the  elements  of 
the  fibrin  net  and  a  consequent  formation  from  it  of  a  fibrous  tissue 
which  is  identical  in  its  form  and  structure  and  in  many  of  its  staining 
reactions  with  a  regular  collagenous  connective  tissue.  It  was  felt 
that,  whether  or  not  this  new  fibrous  tissue  directly  formed  from  the 
fibrin  clot  remained  as  a  permanent  connective  tissue,  such  a  reaction 
must  play  a  fundamental  part  in  the  processes  attendant  upon  wound 
healing.  The  present  paper^  gives  the  results  obtained  from  an  exten- 
sive series  of  experiments  undertaken  for  the  purpose  of  studying  the 
action  and  fate  of  the  fibrin  clot  formed  during  woimd  healing,  and 
they  give  evidence  that  in  the  healing  of  skin  wounds  in  the  frog  a 
definite  transformation  of  the  fibrin  clot  takes  place  such  as  was 
found  to  occur  in  the  tissue  cultures.  This  transformation  also  re- 
sults in  the  formation  of  a  new  fibrous  tissue,  without  intraceUular 
action,  which  as  apparently  identical  with  regular  permanent  con- 
nective tissue. 

*  Baitsell,  G.  A.,  The  Origin  and  Structure  of  a  Fibrous  Tissue  Which  Appears 
in  Living  Cultures  of  Adult  Frog  Tissues,  Jour.'Exper.  Med.,  1915,  xxi,  455. 

'  A  report  of  this  work  was  given  at  the  meeting  of  the  American  Association 
of  Anatomists  held  at  New  Haven,  Conn.,  Dec.  28-30, 1915.  An  abstract  appears 
in  the  proceedings  in  the  Anat,  Rec,  1916,  x,  175. 
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Material  and  Methods. 

It  was  thought  best  to  carry  on  the  experiments  in  wound  healing 
with  the  frog  inasmuch  as  the  tissues  used  in  the  previous  work  with 
living  tissue  cultures  had  been  obtained  from  this  animal.  During  the 
present  experiments  thirty-one  animals  were  used  and  a  total  of  fifty 
operations  were  performed.  The  process  of  wound  healing  has  been 
studied  at  various  stages  both  in  the  living  animals  and  in  the  pre- 
served material.  For  the  study  of  the  preserved  material  pieces  of  the 
tissues  containing  the  wounds  were  removed  at  various  times  after  the 
operations.  These  were  preserved  in  Zenker's  solution,  imbedded 
in  paraffin,  and  sections,  in  various  planes,  were  made  at  10  /i. 
In  general  the  stain  used  has  been  Mallory's  connective  tissue  stain 
modified  according  to  Mall.'  Mallory's  stain,  immodified,  and  the 
Van  Gieson  picro-fuchsin  stain  have  also  been  used  for  comparison. 
A  discussion  of  the  staining  reactions  will  be  found  in  a  later  section 
of  this  paper. 

In  the  preliminary  experiments,  the  semimembranosus  muscle  lying 
on  the  dorsal  surface  of  the  hind  legs  of  the  frog  was  used.  After 
anesthetization  the  animal  was  placed  on  an  operating  board  dorsal 
surface  up.  The  skin  was  then  sterilized  by  washing  it  with  a  0.001 
I>er  cent  solution  of  mercuric  chloride.  This  method  of  sterilization 
appears  to  be  adequate  for  this  work  and  there  has  been  very  little 
trouble  from  infection.  An  incision  of  about  5  to  7  ncim.  in  length 
was  then  made  in  the  median  dorsal  surface  of  either  or  both  of  the 
hind  legs.  The  cut  edges  of  the  skin  were  separated  and  held  apart 
and  a  cube  of  the  underlying  muscle  tissue  measuring  about  2  mm. 
was  removed.  The  cavity  thus  formed  in  the  muscle  tissue  was  either 
filled  with  plasma  which  had  been  obtained  in  the  usual  manner^ 
from  another  frog,  or  by  the  blood  and  lymph  which  flowed  into  the 
woimd  from  the  cut  edges.  After  the  operation  the  frog  was  held 
in  position  for  a  few  minutes  imtil  the  clot  had  formed  in  the  wound. 

The  results  obtained  from  these  experiments  were  not  satisfactory. 
The  many  movements  of  the  legs  and  the  consequent  expansion  and 

'  Mall,  F.  P.,  On  the  Development  of  the  Connective  Tissues  from  the  Con- 
nective-Tissue Syncytium,  Am.  Jour.  Anat.,  1901-02,  i,  338. 

*  Baitsell,  G.  A.,  The  Origin  and  Structure  of  a  Fibrous  Tissue  Which  Appears 
in  Living  Cultures  of  Adult  Frog  Tissues,  Jour.  Exper.  Med.,  1915,  xxi,  456. 
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contraction  of  the  muscle  fibers  resulted^  in  many  cases,  in  a  breaking 
up  of  the  plasma  clot  in  the  wound  cavity  and  its  destruction,  so  that 
it  was  impossible  to  make  a  study  of  it.  The  friction  of  the  overlying 
skin  of  the  leg  during  these  movements  also  tended  to  make  the 
operations  unsuitable  for  the  present  study  of  the  fibrin  clot.  In  a 
niunber  of  these  experiments  which  were  first  made,  stitches  were 
taken  in  the  skin  to  hold  the  cut  edges  together  and  in  their  proper 
positions.  In  the  later  operations  it  was  foimd  that  this  was  not 
necessary  for  it  was  observed  that  when  a  cut  was  made  in  the  skin, 
as  noted  above,  if  the  animal  remained  quiet  for  a  few  minutes 
after  the  operation,  the  coagulation  of  the  blood  and  lymph  formed  a 
tissue  of  sufficient  strength  to  hold  the  cut  edges  of  the  skin  in  their 
proper  position.  It  appeared  evident  from  this  that  wounds  in  the 
frog  glfiTi  would  afford  a  suitable  field  for  the  study  of  the  process  of 
wound  healing,  particularly  with  regard  to  the  action  and  fate  of  the 
fibrin  clot.  Later  experiments  showed  that  the  skin  lying  on  the 
posterior  dorsal  surface  of  the  animal  offered  an  even  better  field 
for  these  experiments  than  did  the  skin  of  the  legs  inasmuch  as  it  is 
not  subject  to  an  almost  continual,  and  at  times  violent  strain  as 
the  result  of  leg  movements.  Wounds  in  both  these  regions  have 
been  studied  and  form  the  basis  of  the  results  given  in  the  present 
paper. 

Observations  on  the  Process  of  Wound  Healing  in  the  Skin 

of  Living  Frogs. 

The  healing  of  various  types  of  wounds  has  been  observed  in  the 
living  animals.  In  the  first  t3^e  of  experiments,  a  simple  incision  was  • 
made  in  the  skin  of  the  frog  either  on  the  dorsal  surface  of  the  leg  or 
on  the  back.  As  far  as  could  be  told  by  the  observations  on  the 
living  animal  these  wounds  healed  very  quickly.  The  formation  of 
the  coagulation  tissue  as  a  result  of  the  clotting  of  the  blood  plasma  or 
lymph  present  in  the  wound  occurred  within  a  few  minutes  after  the 
wound  was  made.  As  a  result  the  cut  edges  were  firmly  held  in  posi- 
tion and  the  frog  could  then  be  placed  in  the  aquarium  without  injury 
to  the  new  tissue.  The  animals  examined  24  hours  later  showed 
only  slight  evidence  of  the  wound.  The  cut  edges  were  still  firmly 
held  and  all  that  could  be  noted  was  the  light  colored  line  of  coagu- 
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lation  tissue  marking  the  extent  of  the  incision.  In  the  course  of  the 
next  day  or  so  the  epithelial  cells  moved  over  this  area  and  obliterated 
all  evidences  of  the  wound. 

In  the  second  type  of  experiments  a  piece  of  skin  measuring  about 
5  by  2  mm.  was  detached  on  three  sides.  The  fourth  side  (2  mm.)  was 
left. attached  to  the  body.  In  this  way  a  flap  of  skin  was  formed 
which  was  severed  from  the  body  excq>t  at  one  end.  In  such  cases 
the  coagulation  tissue  which  quickly,  formed  held  all  the  cut  edges 
of  the  skin  and  the  loose  flap  in  place,  and  thus  an  operation  which 
one  would  naturally  expect,  without  the  aid  of  sutures  to  hold  the 
edges  in  place,  to  have  left  a  large  open  wound  in  the  skin  with  a  con- 
sequent slow  healing  was  permanently  closed  within  a  few  minutes 
after  the  operation.  In  the  following  days  one  could  observe,  as  in 
the  previous  type  of  experiments,  a  gradual  obliteration  of  the  cuts 
by  the  epithelial  cells  which  moved  out  over  the  coagulation  tissue 
from  the  cut  edges  of  the  skin. 

In  the  third  type  of  experiments  a  piece  of  skin  from  the  median 
posterior  region  of  the  back,  measuring  about  5  mm.  square,  was 
completely  severed  from  the  body  of  the  animal,  placed  in  sterile 
Ringer  solution  for  a  few  minutes,  and  then  replaced  in  the  cavity 
from  which  it  had  previously  been  taken.  The  observations  showed 
that  no  other  support  than  the  coagulation  tissue  which  formed  was 
necessary  in  order  to  hold  such  a  piece  of  skin  in  position  in  the  wound 
cavity,  and  the  complete  obliteration  of  the  wound  occurred  in  a 
few  days  by  the  movement  of  the  epithelial  cells  over  the  coagulation 
tissue.  The  results  of  other  experiments  of  this  type  showed  that 
the  living  skin  from  another  animal  or  a  dead  tissue,  such  as  the 
stratiun  compactimi  obtained  by  pancreatin  digestion  of  adult  frog 
skin,  could  be  transplanted  into  a  wound  cavity  in  the  skin  and  re- 
tained there  by  the  action  of  the  coagulation  tissue  alone.  In  a  later 
paper  it  is  hoped  that  more  complete  results  regarding  such  skin 
transplantation  can  be  presented.  The  only  fact  regarding  them 
which  should  be  emphasized  in  the  present  paper  is  the  action  of  the 
coagulation  tissue  in  the  woimd  cavities  as  shown  by  its  ability  to 
hold  the  transplant  in  position  without  the  aid  of  sutures. 

In  the  last  type  of  experiments,  a  piece  of  skin,  varying  in  size  from 
3  to  5  mm.  square,  was  completely  removed  from  the  body.  The  re- 
sulting cavity  was  quickly  filled  with  the  coagulation  tissue.    In  this 
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type  of  ejq>eriment  it  was  found  that  in  some  cases,  particularly  if  the 
cavity  caused  by  the  removal  of  a  piece  of  skin  was  large,  it  was 
better  to  supply  additional  plasma  obtained  from  another  animal  in 
order  that  the  wound  cavity  might  be  completely  filled.  A  wound  of 
this  type  (Fig.  1)  gives  the  best  opportimity  for  the  study  of  the 
coagulation  tissue.  It  forms  a  hyaline  mass  in  the  wound  cavity 
and  is  glossy  and  transparent,  and  until  it  has  been  covered  by  the 
epithelial  cells  which  move  in  from  the  surroimding  areas  the  under- 
lying muscle  tissue  can  be  seen  through  it.  This  fibrin  dot  or  coagu- 
lation tissue  when  it  is  first  formed  may  sometimes  be  destroyed  by 
extremely  violent  movements  of  the  animal,  especially  if  the  wound 
be  a  large  one.  An  increase  in  the  strength  of  the  new  tissue  soon 
becomes  evident  and  in  a  few  days  it  appears  to  be  as  immime  from 
injury  as  regular  skin  tissue.  As  far  as  can  be  told  by  the  obser- 
vations on  the  living  animals,  this  coagulation  tissue  formed  by  the 
clotting  of  the  plasma  in  the  woimd  remains  permanently  and  takes  the 
place  of  the  piece  of  skin  tissue  which  was  removed.  From  this  it  is 
clear  that  in  a  skin  wound  in  the  frog,  if  the  conditions  are  right,  a  new 
tissue  can  be  formed  almost  immediately  after  the  injury  which  is 
sufficiently  strong  to  retain  its  place  in  the  wound  cavity  and  to  hold 
the  cut  edges  in  position.  The  woimd,  to  all  appearances,  is  thus 
healed  without  waiting  for  a  process  of  regeneration  of  tissues  by  cell 
division.  Probably  the  most  impressive  part  of  this  process  of 
woimd  healing,  to  an  observer,  is  the  rapidity  with  which  it  takes 
place.  The  coagulation  of  the  plasma  closes  the  wound  almost  imme- 
diately and  then,  evidently  by  a  transformation  of  this  fibrin  clot,  a 
firm,  resistant,  and  apparently  permanent  tissue  is  formed  which 
serves  as  a  regular  connective  tissue. 

During  the  course  of  the  experiments,  observations  have  also  been 
made  on  the  healing  of  wounds  iq  which  no  coagulation  tissue  was 
present.  Such  a  condition  may  arise  either  because  of  the  lack  of  a 
sufficient  amoimt  of  plasma  in  the  wound  at  the  time  it  was  made, 
because  of  a  later  destruction  of  the  coagulation  tissue  as  a  result  of 
tension  caused  by  too  vigorous  movements,  or  because  of  an  infection. 
In  cases  of  this  kind  the  process  of  woimd  healing  in  the  skin  of  a  frog 
is  a  comparatively  long  and  slow  one,  and  in  some  cases  results  in  the 
death  of  the  animal  by  a  later  infection  received  through  the  open 
woimd. 
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Study  of  the  Prepared  Material. 

In  Fig.  1  a  view  of  a  wound  in  the  skin  of  a  frog  is  shown  in  toto 
at  a  magnification  of  about  15  diameters.  This  wound  was  removed 
from  the  animal  and  preserved  when  it  was  three  days  old.  The 
woimd,  caused  by  the  removal  of  a  piece  of  skin,  originally  measured 
about  5  by  2  mm.  The  figure  was  drawn  with  the  aid  of  a  Zeiss 
binocular  microscope  from  the  imder  surface  of  the  skin  and  shows  the 
wound  surrounded  by  the  skin  tissue  and  filled  with  the  coagulation 
tissue  (fibrin  clot)  which  was  formed  within  a  few  minutes  after  the 
wound  was  made  by  a  clotting  of  the  blood  plasma  and  lymph. 
Several  large  blood  vessels  are  shown,  some  of  which  run  into  the  co- 
agulation tissue.  Some  of  these  vessels  appear  to  be  enlargements 
of  the  vessels  supplying  the  skin  in  that  region^  while  others  apparently 
arise  in  the  underlying  muscles.  In  some  cases  the  wotmd  is  foimd  to 
be  attached  to  the  muscles  by  a  number  of  small  vessels. 

A  transverse  section  of  the  same  preparation  is  shown  in  Fig.  2 
at  a  magnification  of  77  diameters.  At  either  end  of  this  figure  may 
be  noted  the  cut  ends  of  the  skin  which  mark  the  boundaries  of  the 
woimd.  Connecting  these  can  be  seen  the  bridge  of  new  tissue  which 
has  formed  in  the  woimd  cavity.  Lying  above  this  coagulation 
tissue  are  several  layers  of  epithelial  cells  which  have  wandered  in 
from  the  skin  tissue  surrounding  the  wound.  This  movement  of  the 
epithelial  cells  begins  very  soon  after  the  wound  has  been  made  and 
continues  until,  as  shown  in  later  stages  (Fig.  6),  they  form  a  thick 
layer  over  the  coagulation  tissue.  The  epithelial  cells  in  Fig.  2  are 
more  numerous  near  the  cut  edges  of  the  skin.  At  these  points  the 
coagulation  tissue  is  drawn  out  into  a  rather  thin  strand  which  is 
attached  to  the  cut  edges  of  the  skin  and  which  serves  to  hold  them  in 
place.  It  can  be  noted  in  this  figure  that  fibers  are  present  in  the 
coagulation  tissue. 

The  observations  on  the  living  animals  have  shown  that  the  coagula- 
tion tissue  in  a  3  day  wound  is  very  firm  and  resistant  as  compared 
with  a  young  fibrin  clot.  From  this  it  is  evident  that  already  some 
change  has  taken  place  in  the  clot  and  this  fact  can  also  be  noted 
from  the  study  of  the  prepared  material.  In  Fig.  3  a  portion  of  the 
coagulation  tissue,  from  the  same  preparation  as  Fig.  2,  is  shown  at 
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a  magnification  of  787  diameters.  At  this  magnification  one  is  able 
to  see  dearly  the  histological  structure  of  the  coagulation  tissue. 
Quite  large  areas  can  be  noted  in  this  figure  in  which  the  fibrin  net 
has  not  been  changed  but  still  retains  its  characteristic  structure.  In 
other  regions,  however,  the  .fibrin  net  has  been  changed  into  a  new 
fibrous  tissue.  In  such  areas  it  appears  that  there  has  been  a  fusion 
of  the  elements  of  the  fibrin  net  to  form  long,  wavy,  fibrous 
bundles  which  are  typical  in  structure  and  appearance  to  those  found 
in  various  forms  of  connective  tissues.  This  new  fibrous  tissue  is  ap- 
parently identical  with  that  which  forms  in  plasma  clots  in  tissue  cul- 
tures. The  transformation  of  the  fibrin  clot  in  this  wound  into  a  new 
fibrous  tissue  has  not  been  due  to  an  intracellular  action  for,  with  the 
exception  of  some  blood  corpuscles  which  were  present  in  the  plasma 
when  it  clotted,  some  of  which  can  be  seen  in  Fig.  3,  no  cells  of  any 
kind  are  present  in  the  new  fibrous  tissue  except  in  the  extreme  edges 
where  the  new  tissue  is  in  contact  with  the  cut  edges  of  the  skin.  A 
thorough  study  of  this  point  has  been  made  in  this  and  other  similar 
preparations  and  it  can  be  definitely  stated  that  in  wounds  in  the  frog 
skin,  as  has  previously  been  shown  to  be  the  case  in  tissue  cultures,  a 
direct  transformation  of  a  fibrin  clot  into  a  new  fibrous  tissue  will  occur 
without  intracellular  action. 

In  Fig.  4,  which  is  a  portion  of  a  longitudinal  section  of  a  4  day 
wound  at  a  magnification  of  787  diameters,  a  more  complete  transfor- 
mation of  the  plasma  clot  is  seen.  The  section  from  which  this 
figure  was  drawn  was  taken  from  near  the  upper  surface  of  the  coagu- 
lation tissue;  that  is,  from  the  dorsal  portion  of  the  clot  lying  just 
below  the  epithelial  cells.  At  either  edge  of  the  coagulation  tissue 
may  be  noted  some  of  the  epithelial  cells  which  mark  the  boimdary 
of  the  wound  and  which  have  grown  down  on  both  sides  of  the 
coagulation  tissue.  This  downward  growth  of  the  epithelial  cells 
can  be  noted  in  some  of  the  transverse  sections  of  the  wound  tissue 
(Fig.  2).  A  study  of  Fig.  4  shows  that  the  fibrin  net  structure  has 
disappeared  and  the  new  fibrous  tissue  has  been  formed  which,  as 
in  Fig.  3,  is  composed  of  bands  of  fibrils  showing  the  typical  structure 
of  regular  connective  tissue  fibers.  The  new  fibrous  tissue  is  denser 
near  the  bottom  of  the  figure  and  it  is  in  this  region  that  its  structure 
is  seen  to  the  best  advantage.    All  the  coagulation  tissue  shown  in 
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the  figure  has  lost  the  original  fibrin  net  structure,  but  in  the  less  dense 
regions  of  this  tissue,  in  which  numerous  vacuoles  are  present,  the 
transformation  into  the  new  fibrous  tissue  has  not  been  so  complete. 
No  fibroblast  cells  are  present  in  this  region  of  the  clot  and  so  in  this 
case  also  the  transformation  of  the  fibrin  clot  into  the  new  fibrous  tissue 
has  not  been  due  to  any  intracellular  action.  In  this  preparation 
centrifuged  blood  plasma  which  had  been  obtained  from  another  ani- 
mal was  placed  in  the  wound  to  form  the  clot  and  this  fact  accounts 
for  the  almost  complete  absence  of  blood  corpuscles.  Those  that  are 
shown  in  this  figure  are  in  most  cases  matted  together  and  are  evi- 
dently undergoing  degeneration. 

In  Fig.  5  is  shown,  at  the  same  magnification  as  Fig.  4,  another 
longitudinal  section  of  the  same  preparation  taken  at  a  deeper  level. 
In  this  figure  a  considerable  number  of  both  fibroblast  cells  and  blood 
corpuscles  are  shown.  In  this  figure  a  transformation  of  the  fibrin 
clot  has  also  occurred  and  a  new  fibrous  tissue  has  been  formed  con- 
taining bundles  of  wavy  fibers.  These  are  particularly  well  shown 
to  the  left  of  the  figure.  In  this  region  numerous  cells  are  also  present 
and  as  a  result  the  bundles  of  fibers  are  more  or  less  separated  from 
each  other.  To  the  right  of  the  figure  fewer  cells  are  present  and  the 
newly  formed  fibrous  tissue  is  more  closely  massed  together.  The 
bimdles  of  fibers,  however,  can  be  clearly  seen. 

A  comparison  of  the  new  fibrous  tissue  shown  in  Figs.  3,  4,  and  5, 
which  has  been  formed  through  a  transformation  of  the  fibrin  clot, 
with  the  fibrous  tissue  found  in  the  plasma  clot  in  living  cultures 
of  frog  tissues,  as  noted  in  a  previous  paper,*  shows  that  they  are 
identical. 

The  conditions  present  in  an  older  woimd  are  shown  in  Fig.  6,  which 
is  a  transverse  section  of  a  12  to  13  day  preparation  at  a  magnification 
of  240  diameters.  At  either  end  of  the  figure  can  be  seen  the  cut  ends 
of  the  skin  tissue  which  mark  the  boundaries  of  the  wound  and  be- 
tween these  the  new  tissue  which  has  been  formed  in  the  wound. 
Overlying  this  region  are  the  epithelial  cells  which  are  piled  up 
many  layers  thick.    The  wound  cavity,  except  for  a  small  portion 

*  Baitsell,  G.  A.,  The  Origin  and  Structure  of  a  Fibrous  Tissue  Which  Appears 
in  Living  Cultures  of  Adult  Frog  Tissues,  Jour,  Exper.  Med.,  1915,  xxi,  478-79. 
Compare  Fig.  3  of  this  paper  with  Figs.  11  and  17  of  previous  paper. 
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lying  near  the  right  end  of  the  figure,  is  filled  with  the  new  fibrous 
tissue.  Fibroblast  cells  are  present  all  through  the  new  tissue.  In  the 
region  Ijdng  to  the  right  a  portion  of  the  original  fibrin  dot  apparentiy 
still  remains.  In  Fig.  7,  which  was  drawn  from  the  same  section  as 
Fig.  6,  this  region  of  the  wound  is  shown  at  a  magnification  of  787 
diameters.  The  figure  shows  that  the  fibrin  clot  has  lost  its  original 
structure,  as  shown  for  example  in  Fig.  3,  and  has  become  a  more  or 
less  compact  mass  in  which,  at  various  places,  it  can  be  noted  that 
fibers  have  formed.  Aroimd  the  edges  of  the  fibrin  mass,  in  particular, 
a  great  many  of  the  bimdles  of  fibers  can  be  seen.  These  are  at- 
tached to  the  fibrin  clot  and  it  is  clear  that  they  have  arisen  by  a 
transformation  of  its  elements  and  not  from  an  intracellular  action. 
The  cells  which  are  present  stand  out  distinctiy  from  the  fibers,  as 
shown  in  the  figure,  and  show  no  connection  witii  tiiem. 

In  Fig.  8  is  shown,  at  a  magnification  of  787  diameters,  a  longitu- 
dioal  section  of  another  woimd  which  is  practically  the  same  age  as 
the  one  shown  in  Figs.  6  and  7.  In  Fig.  8,  however,  we  find  that  the 
formation  of  the  new  tissue  has  proceeded  more  rapidly  and  conse- 
quentiy  the  original  fibrin  net  has  been  entirely  transformed  into  the 
new  fibrous  tissue  which  fills  the  wound  cavity.  Blood  vessels  are 
forming  in  various  regions  in  this  new  tissue  and  niunerous  cells, 
which  for  the  most  part  show  the  typical  spindle  shape  of  fibroblast 
cells,  are  present  but  stand  out  dearly  and  distinctiy  from  the  fibers. 
The  question  of  the  relations  existing  between  the  new  fibrous  tissue 
and  the  cells  which  wander  into  it  from  the  surroimding  edges  of  the 
skin  is  one  which  has  been  studied  witii  care.  It  has  ah-eady  been 
pointed  out  that  the  transformation  of  the  fibrin  dot  occurs  previoxis 
to  the  appearance  of  any  cells,  so  that  it  cannot  be  due  to  an  intra- 
cellular action  (Figs.  3  and  4) .  A  study  of  the  preparations  shows  that 
the  cells  when  they  first  appear  in  the  new  fibrous  tissue  are  roimd  in 
shape  (Figs.  5  and  7).  Later  they  elongate  and  assimie  the  tj^ical 
spindle  shape  of  fibroblast  cells  (Fig.  8).  This  change  in  the  shape  is 
apparently  due  to  the  stereotropic  action  of  the  cells  in  moving  along 
the  fibers.*    The  movement  of  the  cells  in  the  newly  formed  fibrous 

•  Harrison,  R.  G.,  The  Reaction  of  Embiyonic  Cells  to  Solid  Structures,  Jour. 
Exper.  Zooly  1914,  xvii,  521. 
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tissue  appears  to  result  in  ^  separation  of  the  bundles  of  fibers  and 
we  have  as  a  result  what,  to  all  appearances,  is  a  typical  scar  tissue. 
With  the  MaUory  stain  the  cells  ar«  colored  yellow  and  they  are  dis- 
tinctly differentiated  from  the  fibers  of  the  new  tissue  which  are  colored 
blue  by  the  stain.  The  preparations  do  not  show  any  evidence  of  a 
digestion  by  the  cells  of  the  new  fibrous  tissue  or  of  any  attempt  by 
them  to  form  new  fibers  intracellularly.  The  condition  shown  in 
Fig.  8  is  typical  of  the  condition  foimd  in  much  older  wounds  (3  to  4 
weeks)  and  the  evidence  appears  clear  from  these  results  that,  in  the 
healing  of  skin  woimds  in  the  frog,  the  new  fibrous  tissue  present  in 
the  woimd  which  has  been  formed  by  a  direct  transformation  of  the 
fibrin  clot  remains  as  the  permanent  connective  tissue. 

Nature  of  the  New  Fibrous  Tissue. 

The  appearance,  structxure,  and  staining  reaction  with  Mallory's 
stain  of  the  new  fibrous  tissue  are,  as  shown  in  the  previous  paper, 
identical  with  those  of  regularly  formed  connective  tissues.  In  an 
endeavor  to  settle  definitely  the  real  relationship  existing  between 
regular  frog  connective  tissue  and  the  new  fibrous  tissue  several  series 
of  tests  have  been  made. 

Staining  Reactions  of  the  Fibrous  Tissue  Formed  in  Wounds. — ^The 
Mallory  connective  tissue  stain,  either  modified  or  immodified,  has 
proved  to  be  more  specific  in  its  reaction  than  any  other  stain  that  has 
thus  far  been  used  in  the  work,  although  various  other  methods  have 
been  tried.  This  stain  will  color  connective  tissue  fibers  of  the  frog 
an  almost  perfect  ultramarine  blue  if  they  are  not  too  closely  packed 
together.  If,  for  example,  a  piece  of  skin  from  an  adult  frog  is  stained 
with  Mallory^s  stain  it  will  be  foimd,  in  general,  that  the  stratum 
spongiosum,  in  which  the  bimdles  of  connective  tissue  fibers  are  loosely 
packed  together  and  in  which  the  individual  fibrils  can  be  distin- 
guished, will  be  colored  an  ultramarine  blue.  On  the  other  hand,  in 
the  stratimi  compactum  of  the  same  preparation  in  which  the  bimdles 
of  fibers  are  closely  massed,  it  will  be  foimd  that  this  layer  will  be 
stained  a  color  varying  from  yellow  to  bright  red,  depending  upon 
the  manipulation  of  the  stain. 

The  new  fibrous  tissue  formed  in  the  clots  shows  the  same  color  re- 
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action  to  a  Mallory  staia  as  does  the  connective  tissue  in  the  skin. 
When  the  bundles  of  fibers  in  the  new  fibrous  tissue  are  not  closely 
matted  together,  as  shown  for  example  in  Figs.  3, 4,  and  5,  the  Mallory 
stain  gives  them  a  typical  blue  color  as  in  the  stratum  spongiosum 
of  the  skin.  On  the  other  hand,  when  the  new  fibrous  tissue  is  very 
compact  and  the  individual  fibrils  composing  the  bundles  cannot  be 
distinguished,  then,  in  many  cases,  the  result  will  be  a  color  varying 
from  yellow  to  red,  similar  to  that  foiuid  in  the  stratum  compactum 
of  the  skin.  The  same  color  also  generally  results  from  the  Mallory 
stain  in  very  young  preparations  in  which  the  clot  has  not  been 
changed  into  the  new  fibrous  tissue  but  retains  its  original  structure. 

With  a  Van  Gieson  picro-fuchsin  stain  the  new  fibrous  tissue  shows 
a  negative  reaction.  This  stain,  however,  does  not  appear  to  be  a 
specific  one  for  connective  tissues  of  the  frog.  The  results  show 
that  it  acts  in  just  the  opposite  way  that  Mallory's  stain  does,  in  that 
it  only  gives  the  characteristic  red  color  for  connective  tissues  when  a 
heavy  tissue  is  present  in  which  the  bundles  of  fibers  are  closely  massed 
together.  In  the  frog  skin,  for  example,  the  stratum  compactum  occa* 
sionally  stains  red,  whereas  in  the  stratimi  spongiosmn  an  entirely 
negative  reaction  is  obtained.  In  most  cases,  however,  all  the  con- 
nective tissues  of  the  frog  skin  as  well  as  those  from  other  parts  of  the 
body  give  a  negative  color  reaction  with  this  stain.  In  this  connection 
a  series  of  staining  tests  were  made  with  embryonic  connective  tissue 
from  the  tail  of  a  50  mm.  tadpole.  It  consists  of  a  mass  of  connec- 
tive tissue  fibers  loosely  packed  together.  These  fibers  will  take  a 
t3^ical  stain  with  Mallory's  stain,  but  with  Van  Gieson's  the  reaction 
is  negative,  as  it  is  with  the  new  fibrous  tissue.  The  results  in  brief 
from  all  these  experiments  show  that  the  Van  Gieson's  stain  is  not 
specific  for  connective  tissue  fibers  in  the  frog  whether  embryonic  or 
adult,  and  the  same  is  true  for  its  reaction  with  the  new  fibrous 
tissue. 

Digestion  Tests  of  the  Fibrous  Tissue  Formed  in  Wounds. — Of  all  the 
tests  used  to  distinguish  between  fibrin  and  connective  tissues,  the  diges- 
tion tests  are  regarded  as  being  the  most  specific  and  conclusive.  A 
young  fibrin  clot  is  easily  digested  in  a  pancreatin  solution  whereas  con- 
nective tissues  resist  the  action.  In  the  previous  paper  it  was  noted  that 
the  transformed  fibrin  net  in  the  tissue  cultures  was  easily  dissolved  in 
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pancreatin,  and  this  fact  gave  evidence  that  the  new  fibrous  tissue  was 
fibrin  in  character  although  greatly  changed  in  appearance  from  the 
typical  fibrin  net.  However,  it  was  also  pointed  out  that  in  this  case 
the  test  was  not  conclusive,  inasmuch  as  the  newly  fonned  fibers  in 
the  clot  were  imbedded  in  a  fibrin  net  which  was  not  completely  trans- 
fonned,  and  the  digestion  of  the  unchanged  fibrin  clot  by  the  pancre- 
atin  would  naturally  cause  a  breaking  down  and  scattering  of  the  fibers 
which  had  fonned  in  it,  and  remained  connected  with  it.  In  other 
words,  the  surrounding  imchanged  fibrin  constituted  the  sole  support 
of  the  fibers  which  had  formed  from  a  part  of  it.^  This  dose  relation 
existing  between  the  fibrin  dot  and  the  new  fibrous  tissue  also  pre- 
vents the  digestion  tests  being  used  in  the  present  experiments  to  fur- 
nish a  condusive  answer  as  to  the  real  nature  of  the  transformed  fibrin 
net  tissue  in  the  clots  fonned  in  wound  healing. 

In  this  connection  the  results  secured  by  a  series  of  e]q>eriments  in 
which  the  embryonic  connective  tissues  of  the  tadpole  were  subjected 
to  pancreatin  digestion  should  be  noted.  In  these  experiments  pieces 
of  skin,  taken  from  tadpoles  ranging  in  length  from  7  mm.  to  large 
tadpoles  of  about  70  mm.  just  before  metamorphosis,  were  placed  in 
pancreatin  solutions  of  uniform  strength'  and  digested  over  night  at 
38^C.  In  all  these  experiments  a  complete  digestion  of  the  tadpole 
skin  occurred.  This  same  result  was  obtained  when  the  connective 
tissue  from  the  tails  of  tadpoles  of  various  ages  was  digested  in  pan- 
creatin solutions.  These  yoimg  fibers,  as  has  been  noted,  stain 
typically  with  Mallory's  stain  and  are  apparently  fully  formed. 
Nevertheless  they  can  be  completely  digested  in  pancreatin  in  a  few 
hours.  These  results  with  embryonic  connective  tissues  are  entirdy 
different  from  those  obtained  when  connective  tissues  from  an  adult 
frog  are  subjected  to  the  same  treatment,  for  the  experiments  show 
that  the  mature  connective  tissues  in  the  skin  of  an  adult  frog  are  able 
to  resist  the  action  of  the  pancreatin  and  remain  as  a  mass  of  tissue 
which,  as  noted  above,  could  be  used  in  the  implantation  experiments. 

^  Baitsell,  G.  A.,  The  Origin  and  Structure  of  a  Fibrous  Tissue  Which  Appears 
in  Living  Cultures  of  Adult  Frog  Tissues,  Jour.  Exper.  Med,,  1915,  rri,  473. 

^  The  pancreatin  extract  used  in  all  these  digestion  experiments  was  obtained 
by  the  well  known  Roberts'  method.  The  author  is  indebted  to  Professor  F.  P. 
Underhill  for  his  assistance  in  this  matter. 
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These  results  demonstrate  that  the  reaction  of  the  embryonic  connec- 
tive tissues  of  the  frog  to  pancreatin  digestion  is  the  opposite  of 
that  of  adult  connective  tissue. 

The  results  of  both  the  staining  and  digestion  tests,  in  brief^  show 
that  with  these  methods  one  is  unable  to  differentiate  between  the 
new  fibrous  tissue,  formed  by  a  transformation  of  the  fibrin  dots, 
and  embryonic  connective  tissues  of  the  tadpole,  and  that  the  con- 
nective tissues  of  the  adult,  while  reacting  in  the  same  way  to  the 
stains,  can  be  differentiated  from  both  the  new  fibrous  tissue  and 
embryonic  connective  tissue  bv  their  ability  to  resist  the  pancreatin 
digestion. 

There  is  the  possibility  that  the  same  resistance  to  pancreatin  di- 
gestion which  must  develop  in  embryonic  connective  tissue  as  it  be- 
comes mature,  as  shown  by  the  digestion  tests  on  the  mature  and 
embryonic  connective  tissues,  might  also  develop  in  time  in  the  new 
fibrous  tissue  which  has  resulted  through  a  transformation  of  the 
fibrin  clot,  for  it  is  well  known  that  old  fibrin  dots  become  highly 
resistant  to  various  agents  which  will  entirely  dissolve  yoimger  dots. 
Mall'  says:  ''Fresh  fibrin  is  easily  dissolved  in  dilute  add  or  digested 
in  pancreatin.  After  fibrin  becomes  older,  as  in  fibrinous  deposits, 
the  fibrils  become  very  resistant  and  are  not  dissolved  in  boiling  acetic 
add,  20  per  cent,  in  cold  concentrated  KOH,  H1SO4,  HCl,  HNOs,  or 
nitro-hydrochloric  add."  What  changes  take  place  in  these  fibrinous 
deposits  that  cause  such  an  increase  in  their  resisting  powers  is  ap- 
parently not  known.  From  the  present  results  one  would  naturally 
suggest  that  in  such  cases,  in  the  course  of  time,  a  complete  trans- 
formation of  the  fibrin  dot  into  the  new  fibrous  tissue  had  occurred' 
and  that  this  transformed  tissue,  when  old  enough,  was  able  to  resist 
the  action  of  pancreatin  and  various  other  destructive  agents. 

This  point  has  proven  to  be  one  which  is  difficult  of  solution. 
The  fact  that  even  the  fully  formed  connective  tissue  of  large  tadpoles 
is  unable  to  resist  the  pancreatin  digestion  makes  it  impossible  to  ex- 
pect that  one  could  ever  keep  tissue  cultures  alive  long  enough  to 
secure  a  new  fibrous  tissue  from  the  fibrin  dot  which  would  be  able  to 

■ 

*  Mall,  F.  P.,  Retioilated  Tissue,  and  Its  Relation  to  the  Connective  Tissue 
Fibrils,  Johns  Hopkins  Hosp.  Rep,,  1896,  i,  182,  194. 
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resist  the  pancreatin  digestion  and  thus  show  definitely  that  it  could 
not  be  distinguished  from  the  regular  connective  tissues  in  this  r^ard. 
In  wounds  the  problem  is  complicated  by  the  presence  of  the  cells 
which  wander  into  them  and  through  the  new  fibrous  tissue  soon  after 
it  has  been  formed  from  the  fibrin  clot  The  preparations,  as  stated 
above,  do  not  show  any  evidence  of  an  attempt  by  these  cells  to  form 
new  fibers  intracellularly,  but,  nevertheless,  their  presence  in  the 
woimd  for  the  long  period  of  time  which  evidently  is  necessary  for  the 
new  fibrous  tissue  to  become  resistant,  makes  the  problem  a  difiicult 
one. 

DISCUSSION. 

The  experiments  reported  in  the  present  paper  demonstrate  that  in 
wounds  made  in  the  skin  of  adult  frogs  there  occurs,  as  has  previously 
been  shown  to  be  the  case  in  living  cultures  of  adult  frog  tissues,  a 
direct  transformation  of  the  fibrin  clot  into  a  new  fibrous  tissue 
without  any  intracellular  action.  This  newly  formed  fibrous  tissue 
which  fills  the  wound  space  is  apparently  identical  in  appearance, 
structure,  function,  and  staining  reactions  with  regularly  formed 
permanent  connective  tissue.  It  differs  from  adult  connective  tissue 
in  the  skin  of  the  frog  in  its  reaction  with  pancreatin  digestion. 
However,  this  test,  as  well  as  all  others  that  have  so  far  been  tried, 
fails  to  differentiate  between  the  new  fibrous  tissue  and  young  con- 
nective tissue  found  in  tadpoles  of  various  stages. 

Two  views  might  be  held  with  reference  to  the  fate  of  this  new  fi- 
brous tissue  directly  formed  from  the  fibrin  clot.  The  first  is  that  it 
is  only  a  temporary  tissue  and  that  it  will  be  replaced  in  time  by  a 
permanent  connective  tissue  formed  through  an  intracellular  action 
of  the  fibroblasts.  This  is  in  accord  with  the  generally  prevailing 
views*®  held  at  present,  which  are  that  the  fibrin,  in  wounds  healing 
by  first  intention,  forms  a  temporary  tissue  which  holds  the  wound 
surfaces  in  place  and  stops  up  the  wound  thus  preventing  infection. 
Later  the  fibrin  disappears,  not  by  liquefaction,  but  through  an  actual 
consumption  by  the  new  tissue  cells  which  show  a  positive  chemo- 
tropism  to  the  fibrin  mass  and  are  thus  attracted  into  the  fibrin  clot 

^®  For  a  general  discussion  and  summary  see  Marchand,  F.,  Der  Process  der 
Wundheilung,  Stuttgart,  1901,  52-55. 
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in  large  numbers.  The  permanent  tissues  which  go  to  fill  the  woimd 
space  are  then  formed  by  these  cells  through  an  intracellular  action. 

The  other  view  is  that  this  new  fibrous  tissue  remains  in  the  wound 
as  a  permanent  connective  tissue.  That  is  to  say,  at  least  in  wound 
healing  in  the  frog  skin,  a  reaction  occurs  which  is  able  to  trans- 
form a  fibrin  clot  by  a  direct  intercellular  action  into  a  permanent 
fibrous  connective  tissue.  This  view  is  supported  by  the  work  of 
Hertzler''  who  finds  that,  in  experimental  peritoneal  adhesions  in  the 
dog,  a  new  fibrous  tissue,  which  he  believes  remains  permanently,  is 
formed  by  a  transformation  of  a  fibrin  net.  Speaking  of  the  for- 
mation of  this  fibrous  tissue,  he  says:^*  "My  researches  have  con- 
vinced me  that  the  cell  is  not  primarily  the  active  agent,  but  that 
the  initial  processes  are  chemical  and  are  identical  with  those  of  blood 
coagulation,  the  cell  playing  an  entirely  secondary  rdle." 

The  results  obtained  in  the  present  experiments  also  give  evidence 
in  favor  of  the  latter  view.  The  fibroblast  cells  which  wander  into 
the  new  fibrous  tissue  apparently  do  not  digest  the  fibers  which  have 
previously  been  formed,  nor  is  there  any  evidence  revealed,  by  a  thor- 
ough study  of  the  preparations,  of  an  attempt  by  these  cells  to  form 
new  fibers  intracellularly.  Their  only  apparent  action  is  to  break 
up  the  larger  bundles  of  fibers  by  their  movements  among  them. 
In  a  woimd  of  about  12  days  a  typical  scar  tissue  is  generally  present 
(Fig.  8),  and  later  stages  (3  to  4  weeks)  do  not  show  any  further 
changes  in  the  structure  of  the  connective  tissue  present  in  the  wound* 

SUMMARY. 

1 .  In  experimental  woimds,  made  by  removing  various  sized  pieces 
of  skin  from  the  frog,  there  is  a  rapid  coagulation  of  the  blood  plasma 
and  lymph  to  form  a  coagulation  tissue  which  fills  the  wound  cavity. 

2.  The  observations  on  the  living  animals  show  that  the  coagulation 

*^  Hertzler,  A.  E.,  Pseudoperitoneum,  Varicosity  of  the  Peritoneum  and  Scle- 
rosis of  the  Mesentery.  With  a  Preliminary  Note  on  the  Development  of  Fi- 
brous Tissue,  Jour.  Am.  Med.  Assn.^  1910,  liv,  351;  The  Development  of  Fibrous 
Tissues  in  Peritoneal  Adhesions,  Anal.  Rec.,  1915,  ix,  83. 

^  Hertzler,  A.  E.,  Pseudoperitoneum,  Varicosity  of  the  Peritoneum  and  Scle- 
rosis of  the  Mesentery.  With  a  Preliminary  Note  on  the  Development  of 
Fibrous  Tissue,  Jour.  Am.  Med.  Assn.,  1910,  liv,  352. 
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tissue  becomes  more  and  more  resistant  and  is  generally  of  sujffident 
strength  to  hold  the  cut  edges  of  the  woimd  in  place  and  to  retain  its 
position  in  the  woimd  cavity.  It  serves,  at  least  temporarily,  as  a 
connective  tissue  and  as  a  base  for  the  epithelial  cells  which  rapidly 
move  in  from  all  the  cut  edges  and  cover  the  wound. 

3.  The  study  of  the  prepared  sections  of  wound  tissue  show  that  at 
first  in  the  coagulation  tissue,  formed  as  a  result  of  the  clotting  of 
blood  and  lymph,  a  typical  fibrin  net  is  present  in  the  wound  (Fig.  3). 
Later  this  fibrin  net  is  transformed  into  a  new  fibrous  tissue  contain- 
ing bundles  of  wavy  fibers  in  which,  in  many  instances,  the  individual 
fibrils  can  be  noted  (Fig.  4).  This  transformation  of  the  clot  and  the 
formation  of  the  new  fibrous  tissue  takes  place  before  the  tissue  cells 
wander  into  the  coagulation  tissue  and  therefore  cannot  be  due  to  an 
intracellular  action.  It  is  a  direct  transfonnation  of  the  fibrin  dot 
and  is  identical  with  the  process  which  was  previously  found  to  take 
place  in  the  fibrin  clots  in  living  cultures  of  adult  frog  tissues. 

4.  The  tissue  cells,  which  later  move  into  the  new  fibrous  tissue 
in  large  niunbers  from  the  surroimding  areas,  do  not  digest  the  fibers 
but,  apparently  by  their  movements,  cause  a  division  of  the  large 
bimdles  into  smaller  ones  (Fig.  5).  These  cells  when  they  first  appear 
in  the  fibrous  tissue  are  roxmded,  but  later  they  assume  the  typi- 
cal dongated  spindle  shape  of  fibroblast  cells  (Fig.  8).  The  prq>a- 
rations  do  not  show  any  connection  between  these  spindle-shaped 
cells  and  the  fibers  which  had  already  formed,  nor  is  there  any  evi- 
dence of  a  later  attempt  by  them  to  form  new  fibers  intracellularly. 

5.  The  staining  reactions  of  the  new  fibrous  tissue  appear  to  be  id^i- 
tical  with  the  staining  reactions  of  the  connective  tissue  in  frog  skin. 
However,  the  new  tissue  can  be  digested  in  pancreatin  and  in  this  reac- 
tion it  differs  from  the  connective  tissue  in  the  skin  of  the  adult  frog. 
On  the  other  hand,  extensive  experiments  with  pancreatin  on  em- 
bryonic but  fully  formed  connective  tissue,  obtained  from  the  tafl 
and  skin  of  tadpoles  of  various  ages,  show  that  pancreatin  will  digest 
it  just  as  it  does  the  newly  formed  fibrous  tissue. 
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EXPLANATION  OF  PLATES. 

All  the  figures,  with  the  exception  of  Fig.  1,  were  drawn  from  prepared  material 
which  had  been  preserved  in  Zenker's  solution,  sectioned  at  10  m*  and  stained 
with  Mallory's  connective  tissue  stain. 

Plate  106. 

Fig.  1.  3  day  wound  from  back  of  frog,  shown  in  toto  from  the  under  sur- 
face. X  15.  A  piece  of  skin  measuring  about  5  by  2  mm.  was  removed  and  the 
cavity  thus  formed  is  shown  filled  with  the  coagulation  tissue,  (c.t.).  A  consider- 
able area  of  the  skin  tissue  (sk.t.)  surrounding  the  wound  is  shown,  and  blood 
vessels  (b.v.)  are  also  present. 

Fig.  2.  Transverse  section  of  the  preparation  shown  in  Fig.  1.  X  77.  Cut 
edges  of  the  skin  tissue  (sk.t.)  marking  boundaries  of  the  wound  are  shown  at  both 
ends  of  the  figure.  These  are  connected  by  the  coagulation  tissue  (ex.)  in  which 
fibers  (fib.)  can  be  noted  at  various  places.  Epithelial  cells  (ep.c.)  which  have 
moved  in  from  the  surrounding  areas  overlie  the  coagulation  tissue.  Section  of 
blood  vessel  (b.v.)  and  numerous  blood  corpuscles  (b.c.)  are  also  shown. 

Plate  107. 

Fig.  3.  Transverse  section  showing  a  portion  of  the  coagulation  tissue  from 
the  same  preparation  as  Figs.  1  and  2.  X  787.  The  figure  shows  the  structure 
of  the  coagulation  tissue  present  in  a  3  day  wound.  Some  of  this  tissue  retains 
the  fibrin  net  (f.n.)  structure  of  the  original  fibrin  clot.  Other  areas  show  new 
fibrous  tissue  (n.f.t.)  which  has  been  formed  by  a  transformation  of  the  elements 
of  the  fibrin  net.  Numerous  blood  corpuscles  (b.c.)  are  present,  but  no  fibro- 
blast cells. 

Fig.  4.  Longitudinal  section  of  a  4  day  wound  in  the  leg  of  a  frog.  X  787. 
The  coagulation  tissue  has  been  transformed  into  the  new  fibrous  tissue  (n.f.t.) 
in  which  bundles  of  wavy  fibers  can  be  seen.  Transformation  is  most  complete 
in  the  denser  region  of  coagulation  tissue  lying  to  the  right  of  the  figure.  No 
fibroblast  cells  are  present,  but  a  few  blood  corpuscles  (b.c.)  are  shown  which  are 
evidently  undergoing  degeneration. 

Fig.  5.  Longitudinal  section  from  the  preparation  shown  in  Fig.  4.  X  787. 
The  section  from  which  this  drawing  was  made  was  taken  at  a  deeper  level  of  the 
wound  than  Fig.  4;  i.e.,  just  above  the  underlying  muscle  tissue.  To  the  right 
the  new  fibrous  tissue  (n.f.t.)  is  more  dense,  but  even  here  the  fibrous  structure 
can  be  seen.  To  the  left  it  is  broken  up  into  wavy  fibrous  bundles  among  which 
numerous  cells  (fbl.c.)  are  appearing.    Blood  corpuscles  (b.c.)  are  also  present. 

Plate  108. 

Fig.  6*  Transverse  section  of  a  12  to  13  day  wound  preparation.  X  240. 
Cut  ends  of  the  skin  tissue  (sk.t.)  are  shown  at  the  right  and  left  of  the  figure. 
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The  wound  cavity  is  almost  filled  with  the  new  fibrous  tissue  (n.f.t.)  except  for 
a  small  portion  of  fibrin  clot  (f.c.)  lying  to  the  right.  Epithelial  cells  (ep.c.) 
are  piled  up  many  layers  thick  above  the  new  tissue.  Cells  (fbl.c.)  are  also 
present  in  the  new  tissue.    Compare  Fig.  7. 

Fig.  7.  A  portion  of  the  preparation  shown  in  Fig.  6.  X  787.  This  draw- 
ing shows  the  remains  of  a  fibrin  clot  (f.c.)  lying  to  the  right  in  Fig.  6.  It  has 
lost  its  original  fibrin  net  structure  and  has  become  a  more  or  less  compact  mass. 
Numerous  fibers  can  be  seen  running  through  it,  and  around  the  edges  are  a  great 
many  fibers  which  have  resulted  from  a  transformation  of  the  fibrin  clot  and  which 
go  to  form  the  new  fibrous  tissue  (n.f.t.).  Numerous  rounded  cells  (fbl.c.)  are 
present,  some  of  which  are  beginning  to  assume  the  typical  spindle  shape  of 
fibroblast  cells.    They  stand  out  dearly  and  show  no  connection  with  the  fibers. 

Plate  109. 

Fig.  8.  Longitudinal  section  of  another  12  to  13  day  wound  preparation. 
X  787.  This  figure  shows  complete  transformatign  of  coagulation  tissue  into 
new  fibrous  tissue  (n.f.t.)  which  fills  the  wound  cavity  between  the  cut  edges 
of  the  skin  tissue  (sk.t.).  Blood  vessels  (b.v.)  are  forming  and  numerous  spindle- 
shaped  fibroblast  cells  (fbl.c.)  are  present.  These  cells  stretch  out  along  the 
fibers  which  had  previously  been  formed  through  a  transformation  of  the  fibrin 
net  and  apparently  separate  the  bundles.  They  do  not  digest  the  fibers  nor  is 
there  any  evidence  of  an  attempt  by  them  to  form  new  fibers  intracellularly. 
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THE  ABSORPTION  OF  ADRENALIN  AFTER   INTRA- 
TRACHEAL INJECTION.* 

By  J.  AUER,  M.D.,  and  FREDERICK  L.  GATES,  M.D. 

(From  the  Department  of  Physiology  and  Pharmacology  of  The  Rockefeller  Institute 

for  Medical  Research) 

(Received  for  publication,  April  11, 1916.) 

In  order  to  subject  a  living  organism  to  the  systemic  action  of 
any  soluble  substance,  it  is  obvious  that  the  substance  must  first 
reach  the  circulating  fluids  of  this  organism;  from  the  lymph  and 
blood  streams  the  drug  then  may  pass  into  the  tissues  and  exert  its 
eflfect.  The  main  routes  available  for  bringing  any  substance  into 
contact  with  the  tissues  are  as  follows:  (1)  by  introduction  into 
the  gastro-intestinal  canal;  (2)  by  subcutaneous,  intramuscular, 
intravenous,  or  intraspinal  injection;  (3)  by  inimction  through 
the  skin;  and  (4)  through  the  respiratory  tract. 

Of  these  routes  the  first  two  are  most  frequently  employed  in 
human  therapeutics  and  in  the  laboratory.  Inunction  is  used  only 
exceptionally  at  the  present  time,  and  practically  the  only  drug 
administered  through  the  skin  for  its  systemic  action  is  mercury. 

The  respiratory  route  also  is  not  utilized  to  any  extent,  except  for 
purely  local  effects,  when  it  is  desired  to  incorporate  a  drug.  Syphilis 
was  occasionally  treated  by  allowing  the  patient  to  inhale  the  sub- 
limated metal,  but  this  method  was  never  extensively  employed 
because  of  the  impossibility  of  judging  the  dose.  Local  affections 
of  the  respiratory  passages,  for  example,  laryngitis,  bronchitis,  and 
bronchiectasis,  are  treated  by  allowing  the  patient  to  inhale  the  vapors 
of  boiling  water  to  which  various  substances  (creosote,  eucalyptol, 
opixmi  preparations,  etc.)  have  been  added.  Experimentally  the 
respiratory  passages  are  practically  not  utilized  when  a  drug  is  to  be 
administered  for  its  general  action. 

*  A  preliminary  report  was  published  in  the  Proceedings  of  the  Pharmacological 
Society  {Jour.  Pharm,  and  Exper.  Therap.,  1914r-15,  vi,  608). 
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Among  the  relatively  few  experimenters  who  have  used  the  intratracheal 
method  for  this  purpose  we  may  mention  Kiilbs,^  who  injected  rabbits  repeatedly 
for  a  number  of  days  with  adrenalin,  introducing  the  h3rpodermic  needle  into  the 
trachea  through  the  skin  of  the  neck.  He  observed  cough  after  the  injection, 
and  twice  an  animal  died  a  few  minutes  after  the  injection,  from  pulmonary 
edema.  In  those  animals  which  survived  the  injections,  which  were  given  every 
day  or  every  other  day  for  22  to  78  days,  the  total  amount  being  3.4  to  14  cc.  of 
adrenalin,  he  foimd  the  same  macroscopic  and  microscopic  alterations,  though  of 
smaller  extent,  which  he  obtained  after  intravenous  injection  of  adrenalin. 

Ephraim'  in  a  series  of  papers  reports  the  results  of  endobronchial  treatment 
of  chronic  bronchitis  and  asthma  in  the  hiunan  subject.  Various  drugs,  includ- 
ing adrenalin,  were  introduced  as  a  fine  spray  into  the  bronchi,  often  through 
a  bronchoscope.  The  effects  obtained  were  chiefly  local;  even  after  the  bronchial 
administration  of  1  mg.  of  adrenalin  by  means  of  a  nebulizer,  he  obtained  no  defi- 
nite rise  of  blood  pressure.  In  a  dog,  however,  the  same  method  3rielded  a 
powerful  rise  of  blood  pressure  when  a  large  amount,  2  mg.,  was  used. 

The  failure  of  Ephraim  to  obtain  a  rise  of  pressure  after  the  administration  of 
1  mg.  of  adrenalin  endobronchially  in  the  human  subject  is  perhaps  attributable 
to  the  method.  Ephraim  himself  observed  in  rabbits  that  the  spray  of  a  colored 
solution  from  a  nebuUzer,  even  when  introduced  into  the  trachea,  did  not  reach 
the  bronchi,  the  vapor  being  precipitated  near  the  point  of  application.  In  the 
same  way  the  endobronchial  spray  of  adrenalin  was  possibly  precipitated  in  the 
larger  bronchi  so  that  only  negligible  amounts  reached  the  alveolar  region  where, 
as  we  shall  show,  the  absorption  is  best. 

That  even  colloids  can  be  absorbed  with  rapidity  when  injected  intratracheally 
is  shown  by  Ishioka.'  Ishioka  sensitized  guinea  pigs  by  the  subcutaneous  in- 
jection of  human  serum  and  after  12  to  15  da3rs  injected  0.05  to  0.1  cc.  of  himtian 
serum  into  the  trachea  of  these  animals  with  the  object  of  producing  an  anaphy- 
lactic pneumonia.  He  observed  the  nulder  anaphylactic  symptoms  in  the  ma- 
jority of  his  experiments,  but  in  two  instances  acute  death  with  the  typical  lung 
picture  resulted. 

The  absorptive  capacity  of  the  supratracheal  respiratory  passages  does  not  con- 
cern us  here;  references  concerning  the  effect  of  inhaled  substances  will  be  found 
in  the  papers  by  Ephraim. 

Our  own  experiments  will  show  that  the  intratracheal  injections  of 
adrenalin  are  rapidly  absorbed  even  under  disadvantageous  con- 
ditions and  exert  a  systemic  effect,  and  also  that  this  method  may 
be  of  value  therapeutically  when  a  rapid  action  on  the  heart  is  desired. 

^  KUlbs,  Arch,  /.  exper.  Path.  u.  Pharm,,  1905,  liii,  150. 

*  Ephraim,  A.,  DetUsch.  med.  Wchnsckr,,  1911,  xxxvii,  2079;  1912,  xxxviii,  1453. 

'  Ishioka,  S.,  Deuisch.  Arch.f,  klin.  Med.,  1912,  cvii,  500. 
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Methods. 

The  research  was  carried  out  entirely  with  rabbits,  and  the  chief  test  sub- 
stance employed  was  adrenalin.  Adrenalin  was  chosen  because  its  absorption 
could  be  readily  detected  by  recording  the  blood  pressure,  and  the  character  and 
degree  of  the  resultant  rise  would  give  some  indication  of  the  speed  and  amount 
of  absorption. 

The  animals  were  anesthetized  by  ether  for  the  operative  interferences.  These 
were  the  insertion  of  a  cannula  into  the  right  carotid  artery;  transection  of  the 
trachea  with  introduction  and  ligation  of  a  wide  glass  tube  about  2  cm.  long  into 
the  distal  stump  so  that  the  respiratory  path  was  free  and  injection  into  the 
trachea  easy;  in  some  rabbits  the  tracheal  cannula  was  inserted  as  near  the 
thorax  as  possible  and  the  lower  end  of  the  proximal  trachea  then  ligated,  thus 
converting  the  cervical  trachea  into  a  sac  from  which  the  absorption  of  adrenalin 
could  be  tested;  in  a  number  of  experiments  both  vagi  were  sectioned  in  the  neck. 

The  blood  pressure  was  written  by  a  mercury  manometer  connected  with  the 
artery  by  tubing  filled  with  a  half  saturated  solution  of  sodium  sulphate. 

The  adrenalin  used  was  generally  the  conmiercial  solution  in  0.1  per  cent 
strength,  preserved  with  chloretone.  In  some  experiments,  however,  a  solution 
was  made  from  the  commercial  powder  preparation,  and  this  was  used  with  or 
without  the  addition  of  chloretone. 

The  dose  injected  varied  from  0.15  to  0.03  cc.  per  kilo  of  body  weight.  The 
maximum  dose  quoted  was  occasionally  greatly  exceeded  when  adrenalin  was 
injected  intramuscularly. 

The  solutions  were  injected  into  the  respiratory  passages  in  several  w2Lys. 
Usually  the  required  amount  was  injected  in  4  to  6  seconds  from  a  Record  tuber- 
culin syringe  into  the  tracheal  cannula.  In  a  nimiber  of  experiments  a  filiform 
catheter  was  introduced  into  a  bronchus  and  the  solution  then  driven  in  by  a  gentle 
blast  of  air.  A  few  times  the  solution  was  injected  directly  into  the  limg  tissue  by 
passing  the  h3^podermic  needle  through  the  walls  of  the  chest. 

In  a  majority  of  the  experiments  doses  of  adrenalin  were  injected  repeatedly, 
not  only  into  the  trachea  but  also  into  the  erector  spins  muscles  of  the  back. 

The  rabbits  were  always  placed  on  an  electric  warming  pad  to  reduce  or  prevent 
the  loss  of  body  heat. 

EXPERIMENTAL  RESULTS. 

Twenty- three  experiments  were  carried  out  in  the  adrenalin  series; 
in  ten  of  these  tests  both  vagi  were  cut  previous  to  the  injection  of  the 
drug.  The  course  of  the  experiments  and  the  characteristic  effects 
will  be  illustrated  by  a  few  typical  protocols  arranged  in  tabular  form. 

All  rabbits  tabulated  were  tracheotomized  under  light  ether  anes- 
thesia; there  was  no  insufflation  of  air  except  in  No.  3  (Table  I) ;  vagi 
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were  intact,  except  in  No.   8   (Table  IV);  all  injections  into  the 
trachea  were  made  with  a  syringe  through  the  tracheal  tube. 


TABLE  I. 


No. 
of  animal. 

Color. 

Sex. 

Weight. 

No.  of  injec- 
tion. 

Method  and  site 
of  injection. 

Amount 
of  adre- 
nalin 
per  kilo. 

Latent 
period  of 
blood  pres- 
sure rise. 

Blood 

pressure 

rise. 

«t  o  c 

Interval  be- 
tween   in- 
jections. 

cc. 

sec. 

^^wKm 

-^ 

^^•W« 

3 

1 

Catheter    into 
bronchus. 

0.23 

12 

64 
(104^168) 

8 

2 

Trachea. 

0.23 

"~~ 

45 
(90-135) 

9 

9 

Gray  9 

3 

it 

0.23 

6 

25 
(107-132) 

9 

10 

Vagi 

2,210  gm. 

4 

Erector   spinse 

0.23 

No  rise  ii 

L4min. 

10 

intact. 

muscle. 

5 

Erector   spins 
muscle. 

0.46 

((        U       {< 

4     " 

4 

6 

Trachea. 

0.23 

7 

24 

(96-120) 

18 

4 

Killed  by  medullary  puncture  after  experiment.     Lungs  showed  only  a  moderate 
degree  of  pulmonary  edema. 


6 

1 

Tracheal  sac. 

0.25 

52 

16 
(91-107) 

IS 

2 

Trachea. 

0.25 

12 

60 
(100-160) 

^■^ 

17 

Gray  cf 

3 

Tracheal  sac. 

0.25 

No  rise  ] 

in  6  min. 

16 

Vagi 

2,100  gm. 

4 

Trachea. 

0.25 

3 

40 

10 

8 

intact. 

(62-102) 

5 

Erector    spinas 
muscle. 

0.5 

No  rise  h 

L  7  min. 

10 

6 

Trachea. 

0.25 

4 

26 

(80-106) 

7 

10 

0  

Killed  later  by  medullary  puncture.    The  lower  lobes  of  both  lungs  showed  well 
marked  pubnonary  edema;  slight  in  upper  lobes. 
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TABLE  II. 


No. 
of   animal. 

Color. 

Sex. 

Weight. 

No.  of  injec- 
tion. 

Method  and  site 
of  injection. 

Amount 
of  adre- 
nalin 
per  kilo. 

Latent 
period  of 
blood  pres- 
sure rise. 

Blood 

pressure 

rise. 

Duration  of 
blood  pres- 
sure nae. 

Interval  be- 
tween   in- 
jections. 

ce. 

sec. 

mm. 

min. 

mim. 

7 

1 

Trachea. 

0.12 

2 

50 

(100-150) 

6 

2 

It 

0.12 

4 

39 

(88-127) 

12 

9 

Gray  cf 

3 

Erector    spins 
muscle  (left). 

0.6 

3 

43 
(99-142) 

20 

13 

1,610  gm. 

4 

Trachea. 

0.12 

8 

21 
(98-119) 

10 

21 

Vagi 

5 

« 

0.12 

5 

25 

12 

15 

intact. 

(95-120) 

6 

Erector    spinae 
muscle 
(right). 

0.28 

No  riseii 

1  8  min. 

14 

7 

Trachea. 

0.12 

3 

24 
(92-116) 

21 

8 

8 

tt 

0.24 

10 

10 
(102-112) 

5 

20 

Killed  later  by  medullary  puncture.    Lungs  collapsed  well  and  showed  only  a 
moderate  degree  of  pulmonary  edema. 


8 

• 

1 

Trachea. 

0.21 

6 

64 
(114^178) 

15 

Vagi 

White  9 

2 

u 

0.21 

10 

30 

6 

18 

cut. 

2,365  gm. 

(110-140) 

3 

« 

0.21 

8 

16 
(116-132) 

9 

8 

4 

Erector    spine 
muscle. 

0.42 

No  rise  in  4  min. 

IS 

Pink  fluid  poured  from  trachea  13  min.  after  first  dose.  About  5  min.  after  last  in- 
jection, blood  pressure  fell  abruptly,  convulsions,  death.  Lungs  showed  marked  pul- 
monary edema. 
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TABLE  m. 


No. 

of  *nitn«.l- 

Color. 

Sex. 

Weight. 

No.  of  injec- 
tion. 

Method  and  site 
of  injection. 

Amount 
of  adre- 
nalin 
per  kilo. 

Latent 
period  of 
blood  pres- 
sure rise. 

Blood 

pressure 

rise. 

Duration  of 
blood  pres- 
sure rue. 

Interval  be- 
tween   In- 
jections. 

cc. 

sec. 

^vM»a 

• 

MM. 

4 

1 

Erector    spine 
muscle  Qeft). 

0.23 

14 

34 
(106-140) 

4 

2 

Jugular  vein. 

0.23 

At  once. 

43 
(107-150) 

10 

9 

Vagi 

Gray 

3 

Trachea. 

0.23 

8 

20 

10 

9 

intact. 

2,160  gm. 

(110-130) 

4 

Erector    spins 

0.23 

No  rise  in  2  min. 

11 

muscle 

(right). 

5 

Trachea. 

0.23 

10 

10 
(100-110) 

3 

2 

6 

Erector    spins 
muscles. 

0.23 

No  rise. 

After  last  injection  foam  and  pink  fluid  poured  from  trachea  (marked  pulmonary 
edema). 


A  study  of  these  typical  protocols  as  given  in  Tables  I,  n,  and 
in  shows  with  clearness  all  the  points  we  wish  to  emphasize,  and 
they  will  now  be  considered  in  detail. 

Latent  Period. — ^The  latent  period  elapsing  between  injection  and 
the  onset  of  the  blood  pressure  rise  varied  between  2  and  38  seconds, 
but  usually  was  less  than  10  seconds;  the  general  average  of  all  first 
injections  was  13  seconds.  Repeated  injections  exerted  no  uniform 
effect  on  the  length  of  the  latent  period.  Thus  in  Experiment  7 
the  first  dose  of  0.12  cc.  of  adrenalin  per  kilo  injected  into  the  trachea 
surely  reached  a  physiologically  effective  concentration  in  the  blood 
within  2  seconds,  for  after  that  interval  the  blood  pressure  began  to 
rise.  The  seventh  injection  of  the  same  dose  in  the  same  place,  80 
minutes  later,  exerted  a  blood  pressure  effect  after  a  latent  period 
of  only  3  seconds,  in  spite  of  the  fact  that  the  animal  had  received 
intratracheally  and  intramuscularly  in  the  interval  between  the  two 
injections  mentioned  1.24  cc.  of  adrenalin  per  kilo,  divided  into  five 
doses.    A  still  more  striking  example  of  the  speed  of  absorption  is 
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given  in  Experiment  8.  In  this  experiment  the  vagi  had  been  cut 
before  administering  the  adrenalin,  and  the  first  dose  of  0.21  cc.  per 
kilo  into  the  trachea  caused  a  pulmonary  edema  of  such  an  extent 
that  foam  and  pinkish  fluid  poured  from  the  tracheal  cannula. 
Nevertheless,  a  repetition  of  the  same  dose  in  the  same  place  a  few 
minutes  later  exerted  a  good  blood  pressure  effect  after  a  latent  period 
of  only  10  seconds.  In  this  instance  the  area  available  for  absorp- 
tion was  imdoubtedly  reduced  considerably  by  the  pulmonary  edema, 
yet  the  speed  of  absorption  was  still  rapid.  All  the  tabulated  pro- 
tocols show  a  similar  rapid  absorption  after  intratracheal  injections. 

The  latent  period  or  speed  of  absorption  was  not  apparently  affected 
by  the  amoimt  of  adrenalin  injected;  for  example,  in  Experiment  3 
the  intrabronchial  injection  of  0.23  cc.  per  kilo  by  means  of  a  catheter 
showed  a  latent  period  of  12  seconds  before  the  blood  pressure  began 
to  rise.  In  Experiment  7,  on  the  other  hand,  a  much  smaller  dose  per 
kilo,  0.12  cc,  injected  into  the  trachea  gave  a  blood  pressure  effect 
after  a  latent  period  of  only  2  seconds. 

Quantitative  Absorption. — ^The  quantitative  absorption  cannot  be 
definitely  established,  yet  the  blood  pressure  rises  obtained  after  the 
various  injections  furnish  some  indication  of  the  amoimt  of  adrenalin 
absorbed.  Examination  of  the  absolute  values  of  the  blood  pressure 
rises  in  mm.  of  mercury  obtained  after  successive  injections  of  the  same 
dose  of  adrenalin  in  the  same  place,  the  limg  passages  for  example^ 
shows  that  the  blood  pressure  effect  in  general  decreases  with  the  num- 
ber of  injections.  Thus  in  Experiment  7  five  doses  of  0.12  cc.  of  adre- 
nalin per  kilo  were  injected  into  the  trachea,  the  time  intervals  var5dng 
between  9  and  34  minutes  if  the  interpolated  intramuscular  injections 
are  included.  The  blood  pressure  rises  after  these  five  tracheal 
injections  were  SO,  39,  21,  25,  and  24  mm.  In  Experiment  8  the 
successive  decrease  of  effect  is  more  pronounced.  In  this  experiment 
0.21  cc.  of  adrenalin  per  kilo  into  the  trachea  at  intervals  of  8  to  18 
minutes  gave  the  following  rises  of  blood  pressure:  64 ,30,  and  16  mm. 
In  this  animal,  however,  the  vagi  had  been  sectioned  previous  to  the 
first  injection  of  adrenalin,  and  after  the  first  dose  a  marked  pul- 
monary edema  developed  during  which  fluid  poured  from  the  tracheal 
cannula.  The  presence  of  so  much  fluid  decreased  the  absorptive 
area  available,  and  in  addition  diluted  the  adrenalin  with  a  colloidal 
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solution,  rendering  absorption  still  slower,  yet  in  spite  of  this  the 
speed  of  absorption  was  not  appreciably  delayed,  the  latent  period 
being  10  and  8  seconds,  but  the  amount  absorbed,  as  judged  by  the 
pressure  rises,  showed  practically  50  per  cent  decreases. 

This  decrease  in  effectiveness  in  causing  a  blood  pressure  rise  shown 
by  successive  tracheal  injections  is  in  accord  with  the  observations  of 
Meltzer  and  Auer^  that  adrenalin  diminishes  absorption  from  the 
tissues.  These  authors  demonstrated,  among  other  facts,  that  the 
intravenous  injection  of  adrenalin  delays  the  absorption  of  strychnine 
or  fluorescein  from  the  subcutaneous  tissue,  and  also  that  repeated 
intramuscular  injections  give  a  decreasing  blood  pressure  effect, 
due  to  diminished  absorption. 

It  will  be  noticed  on  examining  the  tables  that  all  injections  of 
adrenalin  into  the  trachea  gave  some  blood  pressure  effect;  in  other 
words,  that  some  absorption  took  place  even  under  unfavorable 
circumstances.  A  comparison  was  therefore  made  between  the 
absorptive  capacity  of  the  limg  and  that  of  the  erector  spinas  muscles. 
The  erector  spinas  muscle  was  chosen  because  this  thick  mass  of 
muscle  is  composed  of  fine  fibers  not  separated  into  coarse  fasciculi, 
like  the  glutei  for  example,  and  in  addition  is  surroimded  by  a  dense 
fascia  which  exerts  pressure  upon  the  injected  substance,  thus  facili- 
tating absorption.  Injection  into  this  muscle  has  been  shown  by 
Meltzer  and  Auer^  to  be  practically  equivalent  to  an  intravenous 
injection. 

The  experimental  test  gave  important  results.  It  clearly  appeared 
that  the  injection  of  several  doses  of  adrenalin  into  the  limg  passages 
reduced  the  absorption  from  the  erector  spinas  muscles  to  such  a  degree 
that  even  double  the  intratracheal  dose  given  intramuscularly  did 
not  enter  the  circulation  in  sufficient  amount  to  affect  the  blood 
pressure;  nevertheless,  another  injection  of  the  original  dose  of 
adrenalin  into  the  lungs  promptly  entered  the  circulation  in  sufficient 
concentration  and  amoimt  to  cause  a  blood  pressure  rise  (see  Experi- 
ments 3,  6,  7,  and  4).  This  fact  appears  with  especial  clearness  in 
Experiment  3.    In  this  test  the  rabbit  received  three  doses  each  of 

*  Meltzer,  S.  J.,  and  Auer,  J.,  Tr,  Asm,  Am,  Phys.,  1904,  xix,  207;  Jota^.  Exper, 
Med.,  1905,  vii,  59.    Auer  and  Meltzer.  ibid.,  1911,  ziii,  328. 
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0.23  cc.  of  adrenalin  per  kilo  into  the  lung,  the  time  consumed  being 
about  29  minutes.  Each  injection  gave  a  rise  of  blood  pressure  (64, 
45,  and  25  mm.).  Then  the  same  dose  was  injected  intramuscularly, 
but  no  blood  pressure  rise  occurred  in  4  minutes.  The  dose  was 
then  doubled  and  0.46  cc.  per  kilo  was  injected  into  the  other  erector 
spinae  muscle,  but  again  no  blood  pressure  rise  followed.  4  minutes 
later  the  original  dose  of  0.23  cc.  was  injected  into  the  limg  passages 
and  after  a  latent  period  of  7  seconds  the  blood  pressure  began  to 
rise  and  reached  an  absolute  value  of  24  mm.  of  mercury. 

The  failure  to  obtain  a  blood  pressure  effect  from  an  intramuscular 
injection  of  adrenalin  imder  the  conditions  mentioned  is,  however,  not 
absolute.  If  the  dose  administered  intramuscularly  is  increased 
sufficiently,  enough  adrenaUn  will  be  absorbed  to  cause  a  blood 
pressure  rise.  This  is  illustrated  in  Experiment  7.  Two  lung 
injections  of  0.12  cc.  of  adrenalin  each  had  been  injected  in  about 
22  minutes.  Then  five  times  the  dose  (0.6  cc.  per  kilo)  was  injected 
intramuscularly;  after  a  latent  period  of  3  seconds  the  blood  pressure 
rose  43  mm.  That  there  was,  nevertheless,  a  definitely  diminished 
absorption  from  this  large  intramuscular  injection  is  shown  by  the 
fact  that  the  rise  of  blood  pressure,  43  mm.,  is  even  less  than  that 
caused  by  the  first  lung  injection  of  only  one-fifth  the  dose,  which 
latter  raised  the  pressure  50  mm.  Subsequent  injections  of  adrenalin 
into  the  limgs  all  gave  rises  of  blood  pressure,  but  an  interpolated 
intramuscular  injection  of  double  the  pulmonary  dose  gave  no  blood 
pressure  effect.  The  amoimt  absorbed  from  the  muscles  had  fallen 
below  the  level  of  a  physiologically  effective  dose. 

In  some  experiments  the  conditions  were  still  further  varied  by 
preceding  the  limg  injections  of  adrenalin  by  intramuscular  and  intra- 
venous injections  of  the  same  substance.  Experiment  4  is  one  of 
this  type.  The  adrenalin  dose  was  always  0.23  cc.  per  kilo.  After 
an  intramuscular  and  an  intravenous  injection,  absorption  of  adrenalin 
from  the  lung  was  by  no  means  prevented,  the  blood  pressiure  rising 
20  mm.  after  a  latent  period  of  8  seconds.  A  subsequent  intra- 
muscular dose,  however,  produced  ho  blood  pressure  rise  within  2 
minutes.  Another  lung  injection  even  now  caused  a  definite  rise  of 
pressure. 

These  experiments  definitely  show  that,   imder  the  conditions 
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mentioned,  absorption  from  the  lungs  occurs  with  doses  of  adrenalin 
which  are  ineffective  when  injected  intramuscularly. 

There  was  no  definite  relationship  to  be  observed  between  the 
amounts  of  adrenalin  injected  into  the  lungs  and  the  resultant  blood 
pressure  rise.  The  same  dose  per  kilo  often  produced  widely  differ- 
ent rises  in  different  animals,  and  smaller  doses  often  caused  greater 
elevations  of  pressure  than  larger  ones.  Table  IV  illustrates  this 
and  demonstrates  in  addition  that  the  amoimt  of  adrenalin  injected 
played  no  part. 

TABLE  IV. 


fUtt 

W^fm^^m 

No.  5 

Vagi  intact. 

1,650 

0.3  cc.  per  kilo 
(0.5  cc.) 

4  sec.  latent  period. 

33  rise  (107- 
140) 

"     7 

u             tt 

1,610 

0.12    cc.    per 
kilo  (0.2  cc.) 

2     tt       tt          tt 

50  rise  (100- 
150) 

"     8 

"      cut. 

1,980 

0.25    cc.   per 
kilo  (0.5  cc.) 

18    "       "         " 

30  rise  (114- 
144) 

"  13 

tf             u 

1,790 

0.25   cc.   per 
kilo  (0.4  cc.) 

18    "       "         " 

82  rise  (116- 
198) 

Blood  Pressure. — ^The  diu'ation  of  the  blood  pressure  elevation 
was  usually  less  than  10  minutes;  if  only  the  effects  of  the  first  tracheal 
injections  are  considered  the  average  is  6  minutes.  Subsequent 
injections,  however,  often  showed  a  definitely  longer  duration  of  the 
elevation.    An  illustration  of  this  effect  will  be  foimd  in  Experiment  7. 

The  character  of  the  rise  varied  somewhat;  it  was  usually  more  or 
less  abrupt,  the  maximum  being  reached  within  30  seconds.  In  other 
instances  the  maximum  elevation  was  reached  in  about  1  minute. 
The  abruptness  of  the  rise  seemed  to  bear  some  relation  to  the  num- 
ber of  preceding  injections,  the  slope  becoming  less  steep  with  suc- 
ceeding doses.  This,  however,  was  by  no  means  true  of  aU  experi- 
ments, for  in  some  all  intratracheal  injections  gave  sharp  rises  of 
pressure.  Vagus  pulses  were  often  observed,  but  their  occurrence 
was  not  as  frequent  as  when  the  adrenalin  is  administered  intrave- 
nously or  intramuscularly. 

In  a  number  of  experiments  abrupt  and  profound  drops  of  blood 
pressure  were  noted.  These  occurred  without  any  warning  during 
the  maximum  pressure  elevation,  the  pressure  falling  within  a  few 
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seconds  to  20  mm.  and  even  less.  These  drops  lasted  from  30  to 
160  seconds,  and  were  not  necessarily  fatal.  In  some  instances  a 
number  of  these  profound  drops  occurred,  recovery  of  the  blood 
pressure  taking  place  spontaneously  after  a  series  of  convulsions. 
When  these  drops  occurred,  they  were  always  associated  with  more 
or  less  pronoimced  signs  of  pulmonary  edema.  The  significance  of 
this  phenomenon  will  be  discussed  in  a  later  paper. 

Site  of  Absorption. — ^In  order  to  obtain  some  information  regarding 
the  site  of  absorption  of  the  injected  drug,  a  few  experiments  were 
made  with  intratracheal  injections  of  India  ink  or  suspensions  of 
lampblack  in  an  extremely  dilute  gum  arabic  solution.  Doses  of 
0.3  cc.  per  kilo  of  body  weight  were  injected  slowly  by  syringe  into 
the  traqheal  cannula.  10  seconds  after  the  injection  the  medulla 
was  destroyed  by  puncture,  and  the  lungs  and  trachea  were  immedi- 
ately excised  and  examined.  The  three  experiments  carried  out  gave 
concordant  evidence:  the  posterior  and  diaphragmatic  surfaces  of 
the  lower  left  lobe  always  showed  a  large  number  of  discrete  and 
confluent,  irregular  black  spots  varying  from  about  2  to  5  mm.  in 
diameter.  The  surfaces  of  the  other  lobes  showed  only  a  few  or  no 
spots,  and  these  were  confined  largely  to  the  posterior  surfaces  near 
the  hilus  of  the  right  lower  and  right  middle  lobes. 

On  sectioning  the  limgs  through  the  trachea  and  bronchi,  the  larger 
part  of  the  left  lower  lobe  was  foimd  to  be  a  black  mass  containing 
foam  and  some  fltiid.  The  right  lower  and  right  middle  lobes  near 
the  hilus  also  contained  an  amount  of  pigment  which  was  greater 
than  would  be  expected  from  the  surface  indications.  The  upper 
lobes  and  the  median  lappet  showed  a  few  spots  in  the  body  of  these 
divisions. 

The  sections  of  the  lung  containing  the  pigment  were  larger  and 
fuller  than  those  free  from  it;  moreover,  they  contained  more  fluid. 
The  distension  was  greater  than  the  amoimt  of  fluid  present  explained, 
and  apparently  was  at  least  partly  caused  by  a  mechanical  plugging 
of  the  bronchioles  and  infimdibular  ducts  by  the  pigment.  The 
amoimt  of  fluid  present  in  the  tissues  seemed  greater  than  the  amount 
injected  (0.3  cc),  so  that  perhaps  some  degree  of  pulmonary  edema 
also  developed. 

These  experiments  with  the  tracheal  injection  of  pigment  suspen- 
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sions  thus  indicate  that  a  certain  amount  penetrates  to  the  alveoli, 
chiefly  of  the  left  lower  lobe,  within  less  than  1  minute,  and  that 
absorption  in  all  likelihood  takes  place  there. 

It  might  be  thought  that  some  absorption  could  take  place  from 
the  mucosa  of  the  trachea  and  the  bronchi,  and  such  absorption  indeed 
does  take  place,  at  least  as  far  as  the  tracheal  mucosa  is  concerned. 
This  absorption  from  the  tracheal  mucosa  is,  however,  quite  slow  and 
the  blood  pressure  rise  obtained  sets  in  very  slowly.  We  tested  the 
absorptive  power  of  the  tracheal  mucosa  in  the  following  way.  The 
tracheal  cannula  was  inserted  as  low  as  possible  in  the  neck;  the 
upper  section  of  the  trachea  was  then  ligated  near  the  cannula,  con- 
verting it  into  a  sac.  Injections  of  adrenalin  were  then  made  into 
this  sac  and  the  blood  pressure  effect  was  noted.  In  the  two  experi- 
ments made  the  first  injection  of  adrenalin  gave  each  time  a  slow  and 
gradual  rise  of  pressure,  the  latent  period  being  respectively  ISO  and 
52  seconds.  In  the  first  experiment  the  blood  pressure  rise  equaled 
59  mm.  and  lasted  longer  than  15  minutes.  In  the  second  experi- 
ment (Experiment  6)  the  first  injection  into  the  tracheal  sac  gave  a 
rise  of  only  16  mm.  of  mercury  after  a  latent  period  of  52  seconds,  the 
rise  persisting  for  more  than  15  minutes.  A  subsequent  repetition 
of  the  injection  gave  no  blood  pressure  effect  within  6  minutes.  The 
doses  of  adrenalin  injected  were  respectively  0.3  and  0.25  cc.  per  kilo. 

These  experiments  show  that  while  absorption  of  adrenalin  does 
take  place  from  the  tracheal  mucosa,  and  therefore  probably  also 
from  the  bronchi  and  bronchioles,  these  surfaces  play  only  a  sub- 
sidiary part  as  sites  of  absorption  when  adrenalin  is  injected  into  the 
trachea. 

Section  of  the  vagi  in  the  neck  before  the  intratracheal  injection 
of  adrenalin  yielded  interesting  results.  These  nerves  were  cut  in 
order  to  prevent  the  occurrence  of  those  profoimd  blood  pressure 
drops  mentioned  previously,  on  the  assumption  that  they  were  due 
to  the  well  known  initial  effect  of  adrenalin  upK)n  the  vagus  center. 
However,  these  drops  still  occurred  in  some  of  the  experiments 
after  section  of  the  vagi,  and  in  addition,  pulmonary  edema  and 
sudden  death  were  much  more  frequent  than  in  the  series  with 
vagi  intact.  One  intratracheal  injection  of  adrenalin  often  sufliced 
to  bring  on  a  strong  pulmonary  edema  and  even  death  within  a  few 
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minutes.  Without  entering  here  into  a  discussion  of  all  the  phenom- 
ena observed,  it  may  be  said,  in  general,  that  section  of  the  vagi 
produced  no  noteworthy  alteration  in  the  absorptive  power  of  the 
lung  tissue  as  far  as  adrenalin  is  concerned.  The  variations  observed 
in  the  vagotomized  series  fell  weU  within  the  range  of  those  seen  in 
the  normal  series,  though  a  percentage  reckoning  of  all  intratracheal 
injections  given  for  the  first  time,  shows  that  the  vagotomized  animal 
exhibited  a  shorter  latent  period  (10  against  13  seconds),  a  higher 
blood  pressure  rise  (56  against  46  mm.),  and  a  longer  duration  of  the 
pressure  elevation  (9.5  against  6  minutes).  Not  much  stress,  how- 
ever, should  be  laid  upon  averages  gained  from  only  twenty-three 
experiments,  especially  in  this  work  where  pulmonary  edema  entered 
as  a  complicating  factor  in  the  vagotomy  series. 

A  nimiber  of  experiments  were  also  carried  out  with  a  0.1  per  cent 
solution  of  adrenalin  made  from  the  commercial  powder,  a  few  drops 
of  concentrated  hydrochloric  add  being  added  to  the  sterile  saline  to 
bring  about  solution.  This  solution,  with  or  without  the  addition  of 
chloretone,  did  not  give  as  good  results  when  injected  intratracheally 
as  the  solution  obtained  in  the  open  market;  the  absorption  was 
slower  and  the  resultant  rise  of  blood  pressure  less  marked. 

A  few  experiments  were  also  carried  out  with  the  sodium  salt  of 
fluorescein.  Solutions  of  this  substance,  in  1  or  10  per  cent  strength, 
were  injected  intratracheally,  the  dose  being  0.3  cc.  per  kilo  of  body 
weight.  Samples  of  blood  were  then  taken  at  regular  intervals  from 
the  carotid  artery,  allowed  to  clot  in  small  test-tubes,  and  the  serum 
was  examined  for  fluorescence.  These  experiments  also  indicated  a 
rapid  absorption  though  not  as  striking  as  with  adrenalin;  after  15  to 
30  seconds  the  blood  samples  showed  the  first  detectable  green  fluores- 
cence. This  fluorescence  rapidly  increased  at  first,  then  more  slowly, 
reaching  a  maximum  after  a  number  of  minutes. 

DISCUSSION  AND   SUMMARY. 

In  the  preceding  pages  we  have  submitted  evidence  which  shows 
that  a  simple  intratracheal  injection  of  a  solution  in  a  normally  breath- 
ing rabbit  penetrates  within  a  few  seconds  to  the  alveoli,  chiefly  those 
of  the  left  lower  lobe;  that  absorption  is  rapid  and  well  maintained; 
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and  that  the  procedure  may  be  repeated  effectively  a  number  of  times 
even  with  a  substance  like  adrenalin  which  decreases  absorption. 
It  was  also  shown  that  absorption  of  adrenalin  from  the  lung  could 
be  obtained  at  a  time  when  double  the  dose  given  intramuscularly 
exerted  no  blood  pressure  effect  whatever,  and  that  absorption 
could  still  take  place  after  the  development  of  pulmonary  edema, 
when  there  was  an  undoubted  dilution  of  the  injected  solution  with  a 
serum-containing  Uquid  and  when  a  diminution  of  the  absorptive 
field  had  occurred. 

The  solution  injected,  after  reaching  the  alveoli,  is  probably  largely 
taken  up  by  the  capillaries  of  the  pulmonary  veins.  This  is  indicated 
by  the  great  rapidity  with  which  an  intratracheal  injection  of  adre- 
nalin may  cause  a  rise  of  blood  pressure.  In  niunerous  instances, 
for  example,  the  pressure  began  to  rise  less  than  5  seconds  after  the 
completion  of  an  injection,  equaling  and  even  surpassing  in  rapidity 
of  effect  an  intramuscular  injection.  Absorption  by  the  lymphatics 
probably  plays  a  secondary  part,  an  assxunption  rendered  all  themore 
likely  if  we  consider  that  lymph  nodes  are  interpolated  in  the  lym- 
phatic pulmonary  path,  where  the  bed  of  the  lymph  stream  becomes 
greatly  widened  and  the  current  slowed. 

Injection  into  the  lungs,  however,  offers  another  advantage  due 
to  the  vascular  arrangement  of  the  absorbing  field  which  could  be  of 
value  therapeutically.  Absorption  of  liquids  injected  into  the  lung 
probably  takes  place  largely  through  the  capillaries  of  the  pulmonary 
veins;  to  a  slight  extent  possibly  through  the  capillaries  of  the  bron- 
chial veins  which  empty  partly  into  the  pulmonary  veins,  partly  into 
the  azygos  veins;  and  probably  some  absorption  occurs  also  through 
the  Ijonphatics.  By  far  the  larger  proportion  of  the  absorbed  ma- 
terial will  thus  be  rapidly  delivered  to  the  left  auricle  and  then  to  the 
left  ventricle.  At  each  succeeding  systole,  as  long  as  absorption  con- 
tinues, a  fraction  of  the  drug  will  be  driven  into  the  coronary  arteries 
and  be  able  to  affect  the  musculature  of  the  cardiac  pump.  This  fact 
ought  to  render  the  procedure  of  intratracheal  injection  a  valuable 
method  when  it  becomes  imperative  to  stimulate  a  suddenly  failing 
heart  as  promptly  as  possible  by  drugs  of  the  digitalis  group. 

Intratracheal  injection  is  perhaps  better  under  the  conditions 
mentioned  than  the  intravenous  route,  for  the  surface  veins  cannot 
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always  be  entered  with  promptness  and  certainty  even  under  fairly 
normal  conditions,  and  in  cases  of  cardiac  weakness  the  difficulties 
will  be  measurably  increased,  while  an  intratracheal  injection  can  be 
carried  out  with  ease.  Moreover,  it  is  legitimate  to  expect  that  some 
absorption  will  take  place  from  the  lung  alveoli  as  long  as  the  heart- 
limg  circulation  persists,  no  matter  how  feebly,  and  that  thus  some 
of  the  drug  will  reach  the  heart  to  act  on  this  structure  itself  more 
promptly  perhaps  than  when  the  drug  is  administered  successfully 
through  surface  veins.  As  far  as  the  intramuscular  route  is  con- 
cerned, we  have  shown  that  the  intratracheal  injection  of  adrenalin 
gives  prompt  though  diminished  absorption  at  a  time  when  double 
the  dose  intramuscularly  exerts  no  blood  pressure  effect  whatever. 

The  technical  difficulties  of  giving  an  intratracheal  injection  in  ani- 
mals are  slight.  Tracheotomy  as  practised  by  us  in  the  present  series 
of  experiments  is  not  necessary,  for  the  injection  may  be  given  into 
the  intact  trachea  without  exposure  of  the  trachea.  The  hypodermic 
needle  is  inserted  through  the  skin  about  1  cm.  below  the  larynx  in  a 
slanting  caudad  direction;  the  entrance  of  the  needle  into  the  trachea 
is  readily  felt.  The  injection  should  not  be  so  rapid  that  the  injected 
solution  fills  the  entire  tracheal  lumen,  but  it  should  flow  down  the 
sides  of  the  trachea.  If  the  lumen  is  entirely  filled,  an  expiration 
may  drive  some  of  the  injected  liquid  into  the  larynx  causing  cough. 
In  our  experiments  each  injection  of  about  0.5  cc.  consiuned  approxi- 
mately 5  seconds. 

In  the  human  subject  no  data  are  available  as  far  as  our  knowledge 
goes,  but  a  priori  it  would  seem  that  an  intratracheal  injection  is  al- 
most as  simple  as  in  the  lower  animals.  The  free  hypodermic  needle 
could  be  inserted  into  the  tracheal  lumen  immediately  below  the  cri- 
coid cartilage.  The  needle  itself  should  preferably  be  connected  with 
the  syringe  by  a  short  length  of  rubber  tubing  to  minimize  the  danger 
of  breaking  the  needle  by  a  sudden  move  of  the  patient.  The  amount 
of  the  solution  should  not  be  too  small,  so  that  at  least  a  fraction  of  it 
may  reach  the  alveoli  as  promptly  as  possible;  3  to  5  cc.  probably 
would  suffice. 

Insertion  of  the  needle  in  the  locality  mentioned  would  pimcture 
the  isthmus  of  the  thyroid,  but  this  is  of  no  significance,  especially 
when  the  procedure  is  employed  in  cases  of  cardiac  failure  where  the 
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gravity  of  the  condition  would  warrant  incurring  much  heavier  risks 
than  a  slight  bleeding  from  the  thyroidal  isthmus. 

In  conclusion  it  may  be  said  that  the  incorporation  of  drugs  by  in- 
tratracheal injection,  while  not  as  generally  applicable  as  other 
methods,  nevertheless  has  advantages  which  warrant  its  use  also  in 
human  therapeutics. 
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The  experiments  here  reported  are  a  portion  of  a  larger  series  in 
which  several  varieties  of  bacteria  were  used  and  which  were  under- 
taken in  the  hope  of  producing  in  rabbits  by  repeated  intravenous 
injections  of  living  bacteria,  over  long  periods,  kidney  lesions  which 
might  at  least  approximate  the  chronic  lesions  seen  in  man,  which 
are  probably  due  to  long  continued  septic  conditions.  The  results 
in  rabbits  injected  with  Bacillus  colt  communior  were  so  striking  in 
the  constant  and  pronounced  production  of  amyloid  in  various  organs, 
as  well  as  in  the  resulting  kidney  lesions  apart  from  the  amyloid 
deposits,  that  a  brief  report  on  them  and  a  review  of  previous  work 
on  the  experimental  production  of  amyloid  seems  appropriate. 

Frisch  (1)  in  1877  was  the  first  to  announce  the  experimental  production  of  an 
amyloid-like  substance.  He  produced  a  keratitis  in  rabbits  by  injection  into  the 
cornea  of  fresh  blood  from  a  case  of  anthrax.  He  reports  positive  results  in  4 
out  of  300  corneas  injected.  The  resulting  lesion  gave  characteristic  reactions 
with  iodine  and  with  iodine  and  sulphuric  add,  but  the  reaction  with  aniline  dyes 
was  lacking  and  the  material  was  doubly  refracting.  It  seems  doubtful,  therefore, 
whether  the  substance  was  amyloid. 

Birch-Hirschfeld  (2)  observed  amyloid  in  the  spleen  of  a  rabbit  which  died 
after  6  weeks  of  chronic  subcutaneous  suppuration  produced  by  the  injection  of 
pus  from  a  case  of  osteomyelitis  of  the  tibia.  Other  similar  experiments  gave 
negative  results. 

Bouchard  and  Charrin  (3)  observed  amyloid  in  two  rabbits.  One  had  been 
injected  subcutaneously  with  BaciUus  pyocyaneus  and  subsequently  four  times 
intravenously  at  intervals  of  several  months.  The  animal  lived  about  1  year. 
Amyloid  was  found  in  the  kidneys  and  also  in  the  vessels  of  the  heart  and  in  the 
heart  muscle.    A  second  rabbit  lived  34  days  after  injection  with  material  from 
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a  human  tuberculous  lesion  and  with  a  cutture  of  tuberde  bacilli.    Amyloid  was 
present  in  the  kidne}^;  there  was  none  in  the  spleen,  liver,  or  heart. 

Czemy  (4)  in  his  first  paper  reports  the  production  of  amyloid  in  the  spleen 
and  in  a  few  vessels  of  the  kidne}^  of  two  dogs  in  which  he  had  produced  sub- 
cutaneous suppuration  for  10  and  13  weeks  by  the  injection  of  turpentine.  The 
material  deposited  gave  the  iodine-sulphuric  and  methyl  violet  reactions.  Czemy's 
paper  is  concerned  especially  with  the  iodophilic  gr^ules  of  leukocytes  from  which 
he  believes  amyloid  is  formed.  In  a  second  paper  (5)  he  reports  the  production  of 
amyloid  by  the  same  method  in  three  more  dogs,  in  one  after  suppuration  lasting 
7|  months,  and  in  two  after  4  months. 

Condorelli-Maugeri  (6)  in  a  brief  conmiunication  simply  states  that  he  has 
produced  amyloid  disease  in  the  liver  and  kidneys  of  rabbits  by  injection  of 
Bacterium  ienno.  As  far  as  the  writer  can  discover,  no  detailed  account  of  his 
experiments  has  been  published. 

Krawkow  (7,  8,  9,  10)  was  the  first  to  study  systematically  the  question  in  a 
large  series  of  different  animals.  He  produced  chronic  suppuration  by  the  sub- 
cutaneous injection  of  broth  cultures  of  Staphylococcus  aureus  into  rabbits,  dogs, 
hens,  doves,  and  frogs.  In  eight  of  twelve  rabbits  he  produced  amyloid,  mainly 
in  the  spleen,  in  certain  instances  also  in  the  gastro-intestinal  tract,  liver,  kidneys, 
and  salivary  glands.  In  dogs  the  results  were  negative  after  subcutaneous 
suppuration  lasting  2  to  3  months.  The  results  in  pigeons  were  also  negative. 
He  found  amyloid  much  easier  of  production  and  more  extensive  in  hens  than  in 
other  animals,  three  of  four  hens  and  each  of  four  cocks  giving  positive  results 
in  li  to  2  months.  In  two  frogs,  of  several  dozen  injected,  the  spleens  showed 
traces  of  a  substance  giving  a  suggestive  reaction,  but  Krawkow  was  not  certain 
that  it  was  amyloid. 

ELrawkow  (9)  also  tried  Czemy's  method  of  injecting  turpentine  subcutane- 
ously  and  also  silver  nitrate,  both  with  negative  results.  He  believes  that  the 
abscesses  produced  by  Czemy  were  not  aseptic.  He  also  injected  rabbits  and 
dogs  over  long  periods  with  filtrates  of  cultures  of  Staphylococcus  aureus  and  also 
with  non-filtered  cultures  kiUed  at  lOO^C.  with  negative  results.  Amyloid  was 
found,  however,  in  one  rabbit  which  in  2  months  had  received  seventeen  injections 
of  5  to  30  cc.  each  of  filtrate  of  a  broth  culture  of  Bacillus  Pyocyaneus  killed  at 
lOO^C.  In  this  experiment  amyloid  was  present  in  the  spleen  in  the  small  arteries 
and  to  some  extent  about  the  capillaries.  In  the  kidne3rs  traces  were  found 
about  the  convoluted  tubules,  but  none  in  the  glomeruli.  None  was  found  in  the 
liver.  As  pointed  out  by  several  later  workers,  Krawkow's  results  are  suiprising 
when  one  considers  the  length  of  time  of  his  experiments.  In  two  rabbits  amy- 
loid was  found  in  the  spleen  2  days  after  the  first  injection  of  10  cc.  of  broth 
culture  of  Staphylococcus  aureus.  In  a  third  amyloid  was  pronounced  after  11 
days,  during  which  time  two  injections  of  2  and  3  cc.  had  been  given,  while  in 
other  cases  injected  repeatedly  over  a  period  of  months,  it  was  entirely  lacking. 

Davidsohn  (11)  confirmed  the  observation  of  Krawkow  of  the  possibility  of 
producing  amyloid  by  subcutaneous  suppuration  resulting  from  repeated  in- 
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jections  of  Staphylococcus  aureus.  He  used  rabbits,  mice,  hens,  guinea  pigs, 
and  cats.  In  guinea  pigs  and  cats  the  results  were  negative;  the  best  results  were 
obtained  with  mice  and  rabbits.  There  is  the  same  inconsistency  in  time  and  the 
amount  of  culture  injected  as  in  Krawkow's  experiments.  Amyloid  was  found  in 
the  spleen,  stomach,  intestines,  kidneys,  and  rarely  in  the  salivary  glands,  pan- 
creas, and  lymph  nodes.  In  only  one  instance  doubtful  amyloid  was  f oimd  in  the 
bone  marrow.  In  the  kidneys  amyloid  was  present  in  patches  in  small  arteries  of 
the  medulla  and  along  the  collecting  tubules;  there  was  no  change  in  the  glomeruli. 
He  obtained  negative  results  with  streptococcus.  Bacillus  coli,  and  putrefactive 
bacteria.  Davidsohn  believes  that  Czemy's  positive  results  with  turpentine 
may  have  been  due  to  bacterial  contamination  of  the  lesions. 

Lubarsch  (12)  was  at  first  unable  to  produce  amyloid  by  Czemy's  method. 
Later  (13)  he  produced  suppuration  for  9  to  21  weeks  in  eight  dogs  by  the  injection 
of  turpentine.  In  one  case  of  16  weeks'  duration,  he  foimd  amyloid  in  the 
spleen  only.  A  second  was  doubtful,  the  others  negative.  Seven  rabbits  were 
injected  repeatedly  subcutaneously  with  living  broth  culttures  of  Staphylococcus 
aureus,  the  longest  period  being  for  9}  weeks.  Positive  results  were  obtained  in 
two  cases,  of  5}  and  7  weeks.  Amyloid  was  found  in  the  spleen  only.  Guinea 
pigs  were  injected  with  living  Staphylococcus  aureus  and  dead  broth  odtures  of 
Bacillus  PyocyaneuSy  pneumococcus,  streptococcus,  and  Friedl&nder's  bacillus 
with  negative  results.  Lubarsch  calls  attention  to  the  irregularity  of  results, 
especially  as  to  time,  of  his  own  experiments  and  those  of  others,  and  concludes 
that  no  certain  method  of  producing  amyloid  has  been  found. 

In  later  papers  Davidsohn  (14, 15, 16)  reviews  his  own  work  and  that  of  others 
and  reports  the  subcutaneous  injection  of  mice  with  gonococcus  with  positive 
results  in  two  cases.  His  experiments  with  bacterial  toxins  gave  negative  residts. 
With  dead  bacteria,  however,  he  obtained  positive  results  in  one  mouse  in  which 
amyloid  was  found  in  the  spleen,  liver,  kidneys,  and  intestines. 

Nowak  (17)  attempted  to  prove  and  extend  the  work  of  Krawkow,  and  his 
results  seem  worthy  of  reviewing  in  some  detail.  He  experimented  on  rabbits 
and  hens  and  found  it  much  easier  to  produce  amyloid  in  the  latter.  He  used 
staphylococcus,  streptococcus,  Bacillus  pyocyaneus^  Bacillus  coli  communis,  and 
their  sterile  filtrates;  bouillon  inoculated  with  human  stool  and  a  filtrate  of  this; 
also  tuberculin,  fresh  and  sterile  pus,  croton  oil,  and  turpentine.  Of  seven  rabbits 
injected  with  living  Staphylococcus  aureus,  two,  of  10  and  102  days'  duration, 
showed  amyloid  in  the  spleen  only.  All  hens  so  injected  showed  amyloid.  Two 
rabbits  injected  with  living  Bacillus  pyocyaneus  were  negative;  two  hens  were 
positive.  Two  rabbits  injected  with  living  Bacillus  coli  and  also  two  hens  showed 
no  pus  and  no  amyloid.  Rabbits  injected  with  putrefied  bouillon  gave  negative 
results,  whilie  each  of  two  hens  were  positive.  Of  the  rabbits  injected  with  sterile 
filtrates  of  cultures  of  various  organisms,  one  rabbit  only,  which  had  been  in- 
jected with  a  filtrate  of  a  ctdture  of  Bacillus  Pyocyaneus  for  60  days,  showed  a  few 
nodular  deposits  in  the  spleen  which  gave  the  amyloid  reaction  with  aniline  colors. 
Of  nine  hens  injected  with  sterile  filtrates,  three  were  positive;  two  of  these  had 
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been  treated  with  filtrates  of  Staphylococcus  aureus  cultures,  and  one  with  a 
filtrate  of  cultures  of  BaciUus  coli.  Of  two  rabbits  and  two  hens  injected  for 
long  periods  with  large  doses  of  tuberculin,  one  of  each  showed  nodules  in  the 
spleen  which  gave  a  doubtful  reaction.  Nowak  considers  them  negative.  Of 
three  rabbits  injected  with  fresh  pus,  one,  in  8  days,  showed  amyloid  in  the  spleen 
and  liver;  of  two  hens  similarly  injected,  one  showed  amyloid  in  the  spleen  and 
liver.  Rabbits  injected  with  sterile  pus  were  negative;  two  hens  were  both 
positive.  Croton  oil  gave  negative  results.  Of  two  rabbits  injected  with  tur- 
pentine, one  showed  amyloid  in  the  spleen  and  liver  in  201  days;  each  of  five 
hens  so  injected  showed  amyloid  in  the  spleen  and  liver,  and  two  of  these  in  the 
kidneys  also. 

Maximow  (18)  also  obtained  positive  results  in  hens  and  rabbits  by  repeated 
subcutaneous  injections  of  living  Staphylococcus  aureus.  His  earliest  positive 
result  was  in  a  rabbit  after  21  days. 

Schepilewsky  (19)  produced  extensive  subcutaneous  necrosis  and  suppuration 
by  the  injection  of  various  ferments.  Out  of  a  considerable  number  of  experi- 
ments he  reports  positive  results  in  two  rabbits  injected  with  lab-ferment,  in  one 
injected  with  pancreatin,  and  in  one  with  papayotin.  The  author  makes  the 
criticism  of  the  positive  results  of  Lubarsch  and  Nowak  with  turpentine,  and  of 
those  of  Krawkow,  who  obtained  a  positive  result  in  one  rabbit  with  BaciUus 
Pyocyaneus  toxin,  and  of  Davidsohn,  who  obtained  a  positive  result  in  one  mouse 
injected  with  dead  bacteria,  that  bacterial  contamination  of  the  suppurating 
lesions  produced  was  not  excluded.  Davidsohn  (14,  16)  on  the  other  hand,  be- 
lieving that  amyloid  cannot  be  produced  without  the  action  of  living  bacteria 
or  their  products,  makes  a  similar  criticism  of  Schepilewsky's  results  with  fer- 
ments, and  apparently  with  equal  justice.  The  latter  admits  that  the  abscesses  in 
one  of  the  four  positive  cases  were  not  sterile.  The  other  three  he  believes  were 
sterile,  but  each  of  these  animals  died  of  an  epidemic  disease  of  a  nature  not  stated, 
and  one  of  the  three  had  a  purulent  bronchitis. 

Dantschakow  (20)  studied  the  salivary  glands  of  rabbits  injected  subcutane- 
ously  with  living  Staphylococcus  aureus.  She  believes  that  amyloid  first  appears 
here.  She  found  it  in  some  cases  in  the  2nd  week,  in  others  not  until  the  6th 
or  7th. 

Tarchetti  (21)  reports  entirely  negative  results.  He  injected  a  dog  sub- 
cutaneously  with  Staphylococcus  aureus.  When  the  animal  had  become  immune 
and  the  injections  no  longer  produced  abscesses,  he  used  turpentine.  The  dur- 
ation of  the  experiment  was  4  months.  Three  rabbits  injected  subcutaneously 
with  turpentine  and  eight  with  living  Staphylococcus  aureus  were  negative.  He 
concludes  that  repeated  injections  of  turpentine  or  broth  cultures  of  Staphylo- 
coccus aureus  produced  no  amyloid  in  the  spleen  of  dogs,  rabbits,  or  guinea  pigs. 

Ravenna  (22)  concludes  from  many  experiments  that  the  question  of  experi- 
mental production  of  amyloidosis  still  cannot  be  considered  as  solved,  as  a  means 
is  lacking  which  will  produce  it  with  certainty. 

Of  special  interest  in  connection  with  the  experiments  here  rqported  are  the 
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observations  of  amyloid  in  the  liver  of  horses  repeatedly  injected  with  bacteria 
or  their  toxins  for  the  production  of  immune  serum. 

Zenoni  (23)  first  reported  the  presence  of  amyloid  degeneration  in  diphtheria 
antitoxin  horses,  especially  in  the  liver.  The  lesion  produced  a  very  friable 
organ  and  death  was  apt  to  occur  from  spontaneous  rupture  and  hemorrhage. 

Pease  and  Pearce  (24)  report  liver  necrosis  and  venous  thrombosis  in  twelve 
horses  which  had  been  repeatedly  injected  subcutaneously,  seven  with  diphtheria 
toxin,  two  with  tetanus  toxin,  one  with  d3rsentery  bacilli,  and  two  with  strepto- 
cocci. A  horse  is  also  added  to  the  series  which  had  been  injected  with  diphtheria 
toxin  and  killed  on  account  of  its  crippled  condition.  Its  organs  were  normal. 
Two  of  these  horses,  both  injected  with  diphtheria  toxin,  showed  amyloid  in  the 
liver  and  spleen,  especially  in  the  latter.  It  was  not  present  in  the  kidneys,  heart, 
or  lymph  nodes.  They  note  that  these  two  animals  had  developed  an  unusual 
number  of  abscesses  at  the  sites  of  injection,  apparently  attributing  the  amyloid 
formation  to  this  fact. 

Lewis  (25)  reports  that  amyloid  degeneration  of  the  Uver  and  less  frequently  of 
the  spleen  is  produced  in  a  majority  of  horses  by  the  routine  injection  of  diphtheria 
toxin  and  repeated  bleeding,  extending  over  a  period  of  3  years.  The  horses  are 
apt  to  die  from  rupture  of  the  liver  and  intraperitoneal  hemorrhage.  He  rules 
out  abscesses  as  an  essential  condition  and  also  the  repeated  bleeding,  and  con- 
cludes that  the  crude  toxin  is  the  factor  of  prime  importance  in  the  production  of 
amyloid. 

Schoukewitch  (26)  reports  that  repeated  injections  of  large  doses  of  Bctcillus 
pestis  produce  amyloid  degeneration  of  different  organs  in  horses  and  that  pus 
formation  is  not  essential. 

Markus  (27)  observed  amyloid  in  the  liver  of  horses  injected  with  dysentery 
bacilli. 

EXPERIMENTAL  PART. 

In  the  following  experiments  rabbits  were  injected  in  the  ear  vein 
with  beef  extract  broth  cultures  of  colon  bacillus,  transferred  from 
stock  cultures  on  beef  extract  agar.  The  rabbits  were  injected, 
generally  every  2  to  4  days,  with  1  cc.  of  a  24  to  48  hour  culture, 
though  older  cultures  were  occasionally  used.  Colon  S  232  and 
Colon  S  244  were  strains  of  Bacillus  colt  communior  obtained  in  pure 
culture  from  surgically  removed  pyonephrotic  kidneys.  Colon  B 
was  also  Bacillus  coli  communior  isolated  from  a  normal  stool. 

Frozen  sections  of  tissues  fixed  on  Orth's  fluid  were  stained  with 
hematoxylin  and  Sudan  III  and  also  by  Van  Gieson's  method. 
Sections  of  paraffin-imbedded  tissues  were  also  stained  by  Van 
Gieson's  method.  Tissues  were  stained  for  amyloid  with  iodine, 
iodine  and  sulphuric  acid,  methyl  violet,  and  gentian  violet.    As  has 
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been  previously  mentioned,  the  finding  of  amyloid  in  these  rabbits 
was  unexpected.  The  hyaline  bodies  in  the  kidney  glomeruli  and 
other  glomerular  and  parenchymatous  changes  had  been  noted,  but 
that  the  bodies  in  the  glomeruli  were  of  amyloid  nature  was  not 
recognized  until  a  majority  of  the  rabbits  had  come  to  autopsy  and 
pieces  of  their  organs  had  been  fixed  in  Orth's  fluid  only.  Conse- 
quently it  was  generally  possible  to  try  the  various  reactions  only 
imder  the  relatively  unfavorable  conditions  of  previous  fixation  in 
Orth's  fluid.  In  one  rabbit,  No.  15,  the  reactions  were  tried  on  fresh 
and  alcohol-fixed  tissues;  in  Rabbits  1,  3,  and  7,  on  alcohol-fixed 
tissues;  in  all  others,  on  tissues  fixed  in  Orth's  fluid  only.  The 
reactions  were  tried  under  these  conditions  on  the  spleen,  liver,  and 
kidneys  of  all  rabbits.  Pieces  of  other  organs,  however,  which  are 
of  interest  in  connection  with  amyloidosis  had  not  been  preserved  in 
most  cases,  and  it  is  therefore  impossible  to  report  the  presence  or 
absence  of  amyloid  degeneration  in  other  situations  except  in  a  few 
instances.  Table  I  shows  the  strain  of  bacteria  used,  the  duration 
of  the  experiment  in  days,  the  niunber  of  injections,  and  the  presence 
or  absence  of  amyloid  in  the  spleen,  liver,  and  kidneys.  Positive 
findings  in  other  organs  will  be  mentioned  later. 

TABLE   I. 


Kabbit 

DamUon  of 

No.  of 

An^loid. 

No. 

opcnmcnt. 

mjtctiom. 

• 

^* 

1 

Colon  S  232 

21 

7 

None. 

2 

"     S232 

26 

9 

M 

3 

"     S  232 

30 

11 

u 

4 

"     S232 

30 

10 

u 

5 

"     S244 

59 

8 

u 

6 

"     8  232 

61 

15 

u 

7 

"     S232 

63 

19 

u 

8 

"     S232 

88 

23 

Spleen,  liver,  kidney. 

9 

"     S  232 

98 

25 

u 

10 

"     S  232 

102 

25 

u 

11 

"     S  232 

113 

29 

"       liver,  kidney. 

12 

"     B 

115 

27 

"     kidney. 

13 

«     S  232 

116 

36 

«                   M 

14 

"     S  232 

142 

30 

«C                   U 

15 

«     S  232 

145 

47 

"     livcr,5tidney. 

M  t\ 
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Complete  autopsies  were  performed  on  all  the  animals,  which,  how- 
ever, will  not  be  reported  in  detail,  as  the  gross  pathological  findings  were 
few.  Suppurative  lesions  were  lacking  with  the  following  exceptions: 
Rabbit  3  had  an  abscess  about  1.5  cm.  in  diameter  in  the  upper  ante- 
rior mediastinum,  and  Rabbit  14  had  a  few  small  nodular  areas  of 
consolidation  in  the  Ixmgs,  each  about  3  nun.  in  diameter  with  central 
softening.  All  the  rabbits  lost  much  in  weight,  emaciation  being 
extreme  in  the  older  cases.  The  livers  were  of  about  normal  size  and 
no  change  in  consistency  was  noted  except  in  No.  15,  in  which  the 
organ  was  definitely  firmer  than  normal  but  more  friable.  All  the 
spleens  were  somewhat  enlarged;  in  No.  14  the  organ  was  about  four 
times  normal  size,  in  No.  9  about  three  times,  in  Nos.  1  and  11  about 
twice;  in  the  others  the  enlargement  was  slight.  Beyond  the  enlarge- 
ment there  was  no  marked  change  in  appearance  or  consistency. 
The  gross  appearance  of  the  kidneys  was  not  striking.  In  all  the 
animals  they  were  definitely  opaque,  in  many  very  pale,  and  in  some 
apparently  swollen.  Small,  slightly  depressed,  purple  or  gray  sur- 
face scars  were  present  in  many  instances,  in  some  being  moderate 
in  number,  in  most  very  few.  None  were  present  in  Nos.  1,  2,  3, 4,  5, 
and  7.  They  had  the  same  appearance  as  the  spontaneous  scars  in 
rabbits,  and  it  is  difficult  to  decide  whether  they  are  to  be  ascribed  * 
to  the  treatment  or  to  a  preexisting  spontaneous  nephritis.  The  fact 
that  they  were  absent  in  the  experiments  of  shorter  duration  would 
favor  the  former  view.  The  number  and  severity  of  the  scars  when 
present,  however,  definitely  bore  no  relationship  to  the  length  of 
time  the  rabbit  had  been  injected,  the  scars  in  Nos.  6, 9,  and  10  being 
more  niunerous  than  in  the  older  rabbits,  in  which  they  were  very  few 
and  slight. 

Microscopical  examination  of  the  spleens  of  the  earlier  rabbits, 
Nos.  1  to  7  inclusive,  showed  a  large  amoimt  of  hematogenous  pigment 
collected  in  large  phagocytic  cells  in  the  sinuses  of  the  pulp.  In 
some  there  was  a  slight  diffuse  fibrosis.  Otherwise  the  spleens  were 
normal.  In  Rabbits  8  to  15  the  hematogenous  pigment  was  also 
present  and  in  all  there  was  a  fibrosis.  All  showed  about  the 
Malpighian  bodies  a  homogeneous  hyaline  substance  which  in  the 
more  marked  cases,  Nos.  8,  11,  12,  and  13,  encroached  on  these 
structures  (Fig.  4)  and  almost  entirely  replaced  them,  only  a  small 
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collection  of  lymphoid  cells  remaining  grouped  about  the  central 
artery.  A  moderate  amount  of  nuclear  detritus  was  present  in  this 
material,  and  in  No.  8  numerous  fairly  large  hemorrhages  were 
present  in  the  midst  of  the  hyaline  material,  which  had  largely  re- 
placed the  Malpighian  bodies.  Similar  hyaline  material  was  also 
seen  in  some  animals  in  the  reticulum  of  the  pulp.  In  Rabbits  14 
and  15  the  fibrosis  and  hyaline  formation,  though  more  marked  about 
the  Malpighian  bodies,  was  also  present  through  the  reticulum  of  the 
pulp  (Fig.  5).  Stained  with  methyl  violet  or  gentian  violet,  this 
hyaline  material,  both  about  the  Malpighian  bodies  and  in  the  pulp, 
gave  a  typical  red  amyloid  reaction  in  all  cases  (Fig.  1).  It  appeared 
in  the  form  of  small  irregular  masses  which  usually  were  quite  homo- 
geneous, but  sometimes  suggested  a  finely  granular  structure.  When 
present  in  the  reticulum  of  the  pulp  it  had  a  definite  fibrillar  appear- 
ance. With  iodine  no  reaction  was  obtained  even  in  the  fresh  and 
alcohol-fixed  tissues  of  No.  15.  With  iodine  followed  by  sulphuric 
add  the  larger  collections  about  the  Malpighian  bodies  gave  a  pale 
but  definite  greenish  color.  These  reactions  will  be  considered  later. 
Large  phagocytic  cells  were  quite  nimierous  in  the  spleen  of  these 
rabbits,  and  in  No.  15  fairly  numerous  giant  cells  were  present,  hav- 
ing many  nuclei  and  often  including  masses  of  the  amyloid  (Fig.  1). 
These  cells  have  been  previously  noted  by  Krawkow  (7). 

All  the  livers  showed  a  definite  but  usually  moderate  increase  of 
periportal  connective  tissue  and  also  an  infiltration  with  roimd  cells 
in  these  areas.  It  is  difficult  to  decide  whether  this  is  a  spontaneous 
cirrhosis  or  is  due  to  the  treatment.  There  were  also  present  in  all  the 
animals  a  varying  number  of  small  focal  necroses  situated  indiscrimi- 
nately in  the  lobules.  In  the  earlier  ones  these  were  infiltrated  with 
round  cells;  in  the  later  ones  they  were  often  replaced  by  connective 
tissue.  There  was  considerable  granular  degeneration  of  the  liver 
cells  in  these  rabbits  and  also  pyknosis  of  nuclei.  In  No.  13  numerous 
large  central  necroses  were  present  with  much  fibrin  and  some  hya- 
line degeneration  but  little  cellular  infiltration.  The  livers  of  Rabbits 
8,  11,  and  15  showed  between  the  walls  of  the  capillaries  and  the 
trabeculae  of  liver  cells  a  layer  of  hyaline  material  with  atrophy  and 
granular  degeneration  of  the  intervening  liver  cells.  This  was  present 
in  ali  lobules,  but  in  No.  8  was  seen  only  in  the  peripheral  and  middle 
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zones  of  the  lobules,  while  in  the  other  two  it  was  fairly  uniform 
throughout.  With  iodine  and  iodine  followed  by  sulphuric  acid,  no 
reaction  was  obtained.  With  methyl  violet  and  gentian  violet  this 
material  gave  a  typical  amyloid  reaction.  With  these  stains  the 
substance  appeared  usually  in  a  definite  granular  form  (Fig.  2),  but 
sometimes  a  fine  fibrillar  structure  was  apparent.  The  necroses  with 
hyaline  degeneration  described  in  No.  13  gave  no  reaction.  No 
amyloid  was  found  in  the  walls  of  the  larger  vessels. 

The  kidneys  of  these  rabbits  deserve  special  attention,  since  they 
showed  not  only  amyloid  deposits  but  also  other  lesions  definitely 
due  to  the  bacterial  injections.  Degenerative  changes  were  present 
in  the  tubular  epitheliiun  in  all  cases.  Frozen  sections  stained  with 
Sudan  HI  showed  a  moderate  fatty  degeneration  affecting  principally 
the  convoluted  tubules.  The  fatty  degeneration  was,  however,  more 
marked  in  the  earlier  than  the  later  cases.  The  was  a  definite 
granular  degeneration,  also  most  marked  in  the  convoluted  tubules, 
and  some  necrosis  of  the  epithelium  with  pyknosis  of  nuclei,  lack  of 
nuclear  staining,  and  desquamation.  The  large  granules  seen  in  the 
epithelium  of  the  proximal  convoluted  tubules  in  chronic  parenchy- 
matous nephritis  in  man  were  not  observed.  Casts  were  present  in  all 
kidneys  except  those  of  Nos.  1  and  2,  and  in  Nos.  13, 14,  and  15  they 
were  numerous.  No  glomerular  changes,  other  than  hyperemia,  were 
noted  in  Rabbits  1  to  7,  while  all  the  others  showed  evidences  of  a 
subacute  and  chronic  glomerulitis.  The  lesions  consisted  of  fibrous 
and  hyaline  thickening  of  the  vascular  loops  and  occasionally  of 
the  glomerular  capsules,  protoplasmic,  cellular,  and  fibrous  adhesions 
between  the  tufts  and  capsules,  areas  of  necrosis  in  the  tufts,  and 
hyaline  bodies  containing  a  few  pyknotic  nuclei  and  some  nuclear 
debris.  These  lesions  varied  in  nimiber  and  degree  in  the  different 
rabbits.  Adhesions  were  present  in  Nos.  8  to  15  inclusive,  being, 
however,  few  in  Nos.  9  and  12  but  numerous  in  the  others,  especially 
Nos.  13  and  14  (Fig.  6).  Almost  every  glomerulus  in  No.  13  showed 
adhesions.  Some  of  these  adhesions  were  fine  protoplasmic  unions 
between  tuft  and  capsule  (Fig.  7),  others  large  and  cellular  or  fibrous 
(Figs.  7  and  8).  Fibrous  and  hyaline  thickening  of  the  vascular 
loops  was  present  in  Nos.  8,  11,  12,  13,  14,  and  15,  with  necroses  and 
large  amyloid  bodies  in  some  instances  (Figs.  7,  8,  and  9).    The  fre- 
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quent  occurrence  of  localized  interstitial  scars  in  the  kidnejrs  of 
rabbits  unfortunately  renders  the  interpretation  of  interstitial  lesions 
in  these  animals  difficult.  As  has  been  already  mentioned,  most  of  the 
rabbits  which  withstood  the  injections  longest  showed  a  few  small 
scars  in  the  gross.  There  were  usually  only  two  or  three  such  scars 
on  a  kidney.  These  scars  have  been  disregarded  as  perhaps  due  to 
a  preexisting  spontaneous  nephritis.  In  most  of  the  kidneys,  how- 
ever, there  were  present  small  collections  of  round  cells,  and  in  Nos. 
13,  14,  and  15  there  was  a  slight,  rather  diffuse,  cellular  thickening 
of  the  interstitial  tissue.  It  is  believed  that  these  lesions  were  pro- 
duced experimentally. 

Six  of  the  kidneys,  as  shown  in  the  table,  gave  a  typical  amyloid 
reaction  with  methyl  violet.  The  amyloid  was  present  in  the  glom- 
eruli as  small  and  large  nodular  collections  (Fig.  3)  and  also  in  the 
medulla  where  in  some  instances  it  was  situated  only  about  the 
small  capillaries  in  small  localized  areas;  in  others  it  involved  the 
entire  interstitial  tissue,  in  similar  small  nodular  areas,  here  surroimd- 
ing  both  vessels  and  tubules.  No  amyloid  was  noted  in  the  larger 
vessels.  Here  as  in  other  organs  it  was  difficult  to  convince  one's 
self  definitely  of  the  morphology  of  the  amyloid.  In  certain  instances 
the  large  deposits  in  the  glomeruli  seemed  to  have  a  definite  fibrillar 
structure  with  a  frayed  out  appearance  at  the  edges,  especially 
noticeable  in  the  alcohol-fixed  tissue  of  No.  15.  In  some  of  the 
other  cases  these  bodies  appeared  quite  homogeneous  (Fig.  3).  With 
iodine  no  reaction  was  obtained  even  with  frozen  sections  of  the 
fresh  tissue  of  No.  15.  With  iodine  and  sulphuric  acid  the  larger 
bodies  in  the  glomeruli,  like  the  deposits  in  the  spleen,  gave  a  pale 
but  definite  greenish  reaction. 

By  reference  to  the  table  one  notes  that  amyloid  was  present 
in  the  spleen  of  all  rabbits,  eight  in  niunber,  which  were  injected  for 
a  period  of  88  days  or  longer.  These  eight  rabbits  showed  glomerular 
and  other  lesions  in  the  kidneys,  and  in  six  amyloid  was  present. 
The  livers  of  three  contained  amyloid.  Organs  other  than  the  spleen, 
liver,  and  kidneys  were  examined  for  amyloid  in  only  a  few  instances. 
The  stomach,  small  intestine,  large  intestine,  heart,  adrenal,  and 
submaxillary  gland  in  No.  3  gave  no  reaction.  The  small  intestine, 
large  intestine,  heart,  and  submaxillary  gland  in  No.  7  gave  no 
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reaction.  The  stomach  and  small  intestine  of  No.  15  showed  typical 
deposits  in  small  scattered  areas  in  the  mucosa  only;  small  irregular 
homogeneous  bodies  in  the  bone  marrow  gave  a  doubtful  reaction 
with  methyl  violet;  the  heart  and  adrenals  showed  none. 

DISCUSSION. 

It  seems  justifiable  to  regard  the  deposits  described  in  these  animals 
as  amyloid  in  spite  of  the  absence  of  the  iodine  reaction.  It  was 
possible  to  try  the  reaction  on  fresh  or  alcohol-fixed  tissues  in  only 
one,  No.  IS,  of  the  eight  rabbits  which  showed  deposits.  There  is  a 
possibility  that  the  reaction  might  have  been  obtained  in  some  of  the 
other  animals  under  thes.e  conditions.  It  is  the  consensus-of  opinion, 
however,  of  those  who  have  studied  the  question  carefully,  that  the 
reaction  with  aniline  colors  is  the  more  typical  and  that  the  iodine 
and  iodine-sulphuric  reactions  are  sometimes  lacking.  Davidsohn 
(11)  and  others  believe  that  these  reactions  represent  different  stages 
in  the  development  of  amyloid,  the  reaction  with  aniline  colors  ap- 
pearing earliest  and  being  present  throughout,  the  iodine  reaction 
appearing  next,  and  that  with  iodine  and  sulphuric  add  representing 
the  latest  stage.  Krawkow  (10)  and  Maximow  (18)  report  results 
similar  to  the  above  with  the  amyloid  experimentally  produced  by 
them  in  animals.  Krawkow  (10)  foxmd  the  Reaction  with  methyl 
violet  constant,  but  obtained  the  iodine  reaction  in  only  a  few  instances, 
and  then  only  on  fresh  or  alcohol-fixed  tissues,  and  in  the  latter  it 
disappeared  after  24  hours'  fixation.  Similar  absence  of  the  iodine 
reaction  in  amyloid  deposits  in  man  has  been  reported  by  Hanse- 
mann  (28),  Krawkow  (10),  and  others.  Krawkow  (10)  believes 
that  these  reactions  do  not  represent  a  difference  in  chemical  com- 
position of  the  substance,  but  are  due  to  a  difference  in  physical  con- 
formation of  the  older  deposits.  The  presence  of  the  iodine-sul- 
phuric reaction  in  the  absence  of  the  simple  iodine  reaction  appears 
from  the  record  of  previous  experiments  to  be  exceptional.  The 
possibility  suggested  itself  that  the  green  color  obtained  in  these 
cases  might  be  due  to  the  presence  of  cholesterol  in  these  degenerated 
areas.  The  large  dq>osits  in  the  kidneys  and  spleen,  however,  give  no 
suggestion  of  a  fat  reaction  with  Sudan  III,  as  one  would  expect  were 
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the  cholesterol  present  in  any  considerable  amount  in  lipoid  form;  and 
the  fact  that  the  reaction  was  also  obtained  on  specimens  imbedded 
in  paraffin  would  seem  to  nile  out  cholesterol  as  the  responsible  factor. 

Scrapings  of  the  fresh  liver,  spleen,  and  kidneys  of  Rabbits  3,  6,  8, 
11,  13,  and  14  were  examined  with  the  polarizing  microscope  for 
anisotropic  fat.  This  examination  is  of  interest  on  accoimt  of  the 
reports  of  the  presence  of  doubly  refracting  lipoids  in  human  nephritis, 
particularly  in  the  chronic  parenchymatous  type  which  these  kidneys 
so  closely  resemble.  The  results  were  negative  except  in  the  liver 
of  No.  6  and  the  kidneys  of  No.  8,  in  both  of  which  a  moderate  number 
of  small  anisotropic  droplets  were  present. 

One  notes  that  in  the  spleen  there  is  an  association  of  amyloid 
formation  with  evidences  of  blood  destruction,  cell  necrosis,  and 
fibrosis.  Also  in  the  glomeruli  of  the  kidneys  one  sees  necrosis  and 
fibrosis  associated  with  the  deposition  of  amyloid.  In  the  liver 
this  association  is  not  so  evident.  It  is  not  justifiable  to  draw  defi- 
nite conclusions  as  to  a  possible  relationship  between  amyloid 
formation  and  any  one  of  these  other  phenomena.  While  the  cell 
destruction  may  in  part  be  the  result  of  the  deposition  of  amyloid, 
or  the  two  may  be  mutually  independent  results  of  the  toxic  action, 
we  believe  that  the  possibility  of  a  genetic  relationship  between  cell 
necrosis  and  the  formation  of  amyloid  should  not  be  too  readily 
dismissed.  Mallory's  views  are  worthy  of  attention  in  this  regard. 
He  states  (29)  that  amyloid  in  man  when  first  deposited  is  finely 
fibrillar  but  soon  becomes  homogeneous  and  that  it  is  not  a  product 
of  degeneration  of  cell  or  fibril,  nor  is  it  something  filtered  out  of  the 
blood-like  serum,  but  it  is  an  abnormal  product  of  the  fibroblast. 
His  argument  that  it  is  more  reasonable  to  regard  amyloid  as  the 
product  of  the  fibroblast,  which  normally  produces  fibrils,  than  of 
the  endothelial  cell  which  does  not,  is  forcible.  He  also  calls  atten- 
tion to  the  fact  that  chondroitin  sulphuric  add  is  a  constituent  of 
some  of  the  normal  products  of  these  cells;  namely,  elastic  fibers  and 
chondromudn.  As  between  its  formation  by  endothelial  cells  and 
fibroblasts,  these  facts  are  certainly  in  favor  of  the  latter.  As  pre- 
viously noted,  its  fibrillar  appearance  in  the  spleen  and  kidneys  of 
these  rabbits  is  sometimes  quite  evident.  This  fibrillar  appearance, 
however,  does  not  seem  to  the  writer  good  evidence  that  it  is  produced 
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as  such  by  either  fibroblasts  or  endothelial  cells.  The  variation  in  the 
morphological  appearance  of  the  amyloid  in  different  situations  in 
these  rabbits  has  already  been  noted.  One  is  also  impressed  in 
reviewing  the  literatiure  with  the  variations  in  appearance  as  described 
by  different  authors,  some  believing  it  to  be  fibrillar  or  homogeneous, 
others  granular,  and  others  crystalline.  Of  the  various  theories 
advanced  as  to  the  nature  of  this  substance,  the  idea  that  it  is  a 
homogeneous,  semisolid,  infiltrating  substance  would  seem  to  ex- 
plain these  variations  in  morphological  appearance  better  than  any 
other,  variations  being  produced,  as  they  are  particularly  apt  to  be 
in  colloidal  materials,  by  postmortem  changes  or  the  processes  of 
fixation,  and  being  less  easily  produced  in  older  deposits,  perhaps 
because  of  greater  inspissation.  If  such  a  substance  were  produced 
or  deposited  in  narrow  tissue  spaces,  it  might  well  appear  in  fixed 
specimens  as  thin  sheets  or  fibrils.  With  atrophy  of  intervening 
collagen  fibrils,  which  Mallory  describes  as  occurring  following 
the  appearance  of  the  amyloid  fibrils,  the  infiltratmg  material  might 
well  fuse  to  form  the  homogeneous  masses  of  the  later  stages. 

Living  bacteria  only  were  tried  in  the  experiments  here  reported. 
That  the  injection  of  dead  colon  bacilli  alone  might  result  in  amyloid 
deposits  is  suggested  by  the  results  of  Davidsohn  (16)  on  a  mouse  in- 
jected with  dead  bacteria,  and  that  toxins  or  decomposition  products 
of  the  culture  media  might  produce  it  is  suggested  by  the  results  of 
Krawkow  (7)  and  Nowak  (17),  each  on  a  rabbit  injected  with  filtrate 
of  a  culture  of  Bacillus  pyocyaneus  and  by  those  on  horses  immimized 
with  diphtheria  toxin.  These  are  questions  not  answered  by  these 
experiments.  That  it  could  be  due  to  the  normal  constituents  of 
beef  extract  broth  would  seem  improbable.  That  this  is  not  the  case 
is  evidenced  by  Rabbit  6  which  had  received  twenty-five  intravenous 
injections  of  sterile  broth  in  a  period  of  101  days  before  the  bacterial 
injections  were  begim.  The  period  of  injection  of  sterile  broth  was 
thus  not  as  long  as  that  of  some  of  the  rabbits  which  showed  amyloid, 
but  longer  than  in  two  of  the  rabbits,  and  about  the  same  as  that  of 
a  third  which  showed  definite  amyloidosis. 

The  question  as  to  whether  the  ability  to  produce  amyloidosis 
is  a  common  property  of  all  pathogenic  bacteria  or  is  confined  to 
certain  species  or  classes,  is  of  considerable  practical  interest  and  also 
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one  which  has  not  been  answered.  From  a  study  of  previous  work 
it  seems  evident,  in  spite  of  conflicting  reports,  that  subcutaneous 
suppuration  produced  by  living  Staphylococcus  aureus  in  hens  and 
rabbits  may,  especially  in  the  former,  ultimately  result  in  the  for- 
mation of  amyloid  deposits.  The  positive  results  reported  with  other 
organisms  are  so  few  and  the  variety  of  animals  on  which  these  results 
were  obtained  is  so  great,  that  it  is  difficult  to  draw  conclusions  in 
this  regard.  The  criticism  made  of  the  experiments  in  which  sub- 
cutaneous suppuration  has  been  produced  by  turpentine,  ferments,  and 
bacterial  toxins, — that  bacterial  contamination  was  not  excluded, — 
seems  justified.  The  difficulty  of  keeping  such  subcutaneous  lesions 
uncontaminated,  especially  with  staphylococcus  which  we  know  will 
produce  amyloid,  over  periods  of  weeks  or  months  is  obvious. 
Attention  has  already  been  called,  in  reviewing  the  literature,  to  the 
contradictory  reports  as  regards  the  possibility  of  producing  amy- 
loidosb  by  subcutaneous  suppuration  and  also  to  the  inconsistency, 
as  far  as  time  is  concerned,  in  the  experiments  of  the  various  investi- 
gators who  have  reported  positive  results.  In  contrast  with  previous 
work  the  constant  results  here  reported  suggest  the  importance  of 
bacteriemia  in  the  production  of  amyloid  and  aiSord  a  possible  expla- 
nation of  the  varying  results  in  previous  experiments,  that  in  some 
cases  bacteriemia  resulted  while  in  others  the  infection  remained 
localized.  Certain  results  reported,  particularly  those  on  horses, 
indicate  that  a  toxemia  is  sufficient,  without  actual  bacteriemia. 

The  author  has  previously  stated  that  the  experiments  here  re- 
ported with  colon  bacilli  are  a  part  of  a  larger  series  in  which  various 
bacteria  were  used.  The  only  rabbit  injected  with  other  varieties  of 
bacteria  which  lived  88  days  or  longer  (that  is,  longer  than  the  short- 
est period  in  which  amyloid  was  produced  with  colon  bacilli)  was  one 
injected  with  Bacillus  typhosus.  This  animal  received  forty  injections 
of  1  cc.  each  of  broth  culture  in  a  period  of  125  days.  Another  rabbit 
received  twenty- three  injections  of  1  to  2  cc.  each  in  a  period  of  84 
days.  Neither  of  these  rabbits  showed  amyloid  deposits.  One 
would  not  be  justified  from  these  two  instances  in  drawing  definite 
conclusions,  yet  the  results  would  seem  to  indicate  that  at  least  there 
is  a  marked  difference  in  the  facility  with  which  amyloid  is  produced 
by  different  organisms.    The  principal  other  bacteria  used  were 
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various  strains  of  streptococci.  Amyloid  was  not  produced,  but 
inasmuch  as  the  duration  of  the  longest  experiments  was  87  days 
(ten  injections)  and  78  days  (twenty-two  injections)  comparative 
conclusions  in  these  instances  also  are  not  warranted.  If  experi- 
mental investigation  should  prove  that  amyloid  is  produced  more 
easily  by  some  varieties  of  organisms  or  their  products  than  by  others, 
a  careful  investigation  of  the  numbers  and  varieties  of  bacteria  pres- 
ent in  pulmonary  cavities  in  chronic  tuberculosis  would  also  be  of 
interest  as  possibly  affording  an  explanation  of  the  recognized  fact 
that  amyloidosis  is  extreme  in  some  cases  of  chronic  tuberculosis 
while  entirely  lacking  in  others  of  equal  duration  and  extent  of  lesions. 
The  explanation  which  has  been  offered  of  individual  and  racial  sus- 
ceptibility seems  inadequate  to  explain  the  marked  differences  seen  in 
this  regard.  At  least  the  explanation  is  one  to  which  we  should  not 
resort  until  the  above  possibility  has  been  excluded. 

SUMMARY. 

The  repeated  intravenous  injection  of  rabbits  with  living  Bacillus 
coli  communior  over  long  periods  has  resulted  in  the  formation  of 
amyloid  deposits  in  the  spleen,  liver,  and  kidneys.  Suppurative 
lesions  were  not  present  in  most  cases  and  therefore  not  a  factor  in  its 
production.  The  results  have  been  constant  in  that  amyloid  was 
found  in  all  rabbits,  eight  in  ninnber,  which  were  injected  over  a 
period  of  88  days  or  more.  Eight  rabbits  showed  amyloid  in  the 
spleen,  six  of  these  in  the  kidneys  also,  and  three  in  the  liver. 

The  kidneys  of  these  eight  rabbits  also  showed  as  a  result  of  the 
injections  a  subacute  and  chronic  glomerulitis,  parenchymatous 
degeneration,  some  interstitial  infiltration  with  round  cells,  and  a 
slight  cellular  proliferation  of  connective  tissue,  thus  resembling  the 
chronic  parenchymatous  nephritis  of  man  which  is  so  commonly 
associated  with  amyloid  disease. 

In  conclusion  I  wish  to  express  my  appreciation  of  the  advice  and 
assistance  of  Dr.  Ophiils  throughout  this  work. 
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EXPLANATION  OF  PLATES. 

Plate  1 10. 

Fig.  1.  Rabbit  15.  Spleen.  A  portion  of  a  Malpighian  body  is  shown  which 
was  surrounded  and  partially  replaced  by  amyloid.  A  giant  cell  is  seen,  at  the 
upper  end  of  the  picture,  with  amyloid  inclusions.  Camera  ludda  water  color 
drawing  by  Dr.  F.  E.  Blaisdell.  Zeiss  obj.  E.,  oc.  1.  Stained  with  methyl 
violet. 

Fig.  2.  Rabbit  15.  Liver.  The  picture  shows  a  considerable  deposit  of  amyloid 
between  the  capillary  walls  and  liver  cells  with  granular  degeneration  and  atrophy 
of  the  latter.  The  amyloid  has  a  finely  granular  appearance.  Camera  lucida 
water  color  drawing  by  Dr.  F.  E.  Blaisdell.  Zeiss  obj.  E.,  oc.  1.  Stained  with 
gentian  violet. 

Plate  111. 

Fig.  3.  Rabbit  14.  Kidney.  The  upper  glomerulus  was  of  homogeneous 
appearance  with  loss  of  normal  structural  detail  and  contained  many  pyknotic 
nuclei  and  a  large  homogeneous  appearing  amyloid  body.  The  lower  glomerulus 
showed  a  general  thickening  of  the  vascular  loops  with  two  small  amyloid  nodules. 
There  were  adhesions  in  both  cases  between  tuft  and  capsule.  Camera  lucida 
water  color  drawing  by  Dr.  F.  E.  Blaisdell.  Zeiss  obj.  E.,  oc.  1.  Stained  with 
methyl  violet. 
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Plate  112. 

Fig.  4.  Rabbit  12.  Spleen.  A  Malpighian  body  is  shown  surrounded  and 
encroached  upon  by  amyloid  formation;  also  thickening  of  and  deposition  of 
amyloid  in  the  reticulum  of  the  pulp.  Microphotograph.  Bausch  and  Lomb 
obj.  },  oc.  1. 

Fig.  5.  Rabbit  14.  Spleen.  The  photograph  shows  a  fibrosis  affecting  the 
Malpighian  body  and  also  the  reticulum  of  the  pulp.  There  is  some  amyloid 
about  the  Malpighian  body,  but  it  is  relatively  more  pronounced  in  this  case  in 
the  reticulum  of  the  pulp.    Microphotograph.    Bausch  and  Lomb  obj.  },  oc.  1. 

Plate  113. 

Fig.  6.  Rabbit  13.  Kidney.  The  photograph  shows  eight  glomeruli  in  each 
of  which  there  are  adhesions  between  tuft  and  capsule.  Two  glomeruli,  the  one 
at  the  top  of  the  picture  in  the  middle  and  also  that  at  the  bottom,  show  large 
amyloid  bodies.    Microphotograph.    Baiisch  and  Lomb  obj.  },  oc.  1. 

Plate  114. 

Fig.  7.  Rabbit  13.  Kidney.  A  higher  magnification  of  the  glomerulus  seen 
at  the  top  of  Fig.  6.  Note  the  fine  protoplasmic  and  large  cellular  adhesions,  the 
hyaline  body,  and  the  swelling  and  slight  proliferation  of  the  lining  cells  of  the 
capsular  space.  In  an  adjacent  section  of  this  same  glomerulus  the  hyaline  body 
gave  a  typical  amyloid  reaction  with  methyl  violet.  Microphotograph.  Bausch 
and  Lomb  obj.  i,  oc.  1. 

Plate  115. 

Fig.  8.  Rabbit  13.  Kidney.  A  glomerulus  from  the  same  rabbit  but  not  in 
the  field  of  Fig.  6.  Note  the  extensive  adhesions  and  the  large  hyaline  body 
containing  some  nuclear  debris.  In  an  adjacent  section  the  hyaline  body  in  this 
glomerulus  gave  a  typical  amyloid  reaction  with  methyl  violet.  Microphoto- 
graph.   Bausch  and  Lomb  obj.  i,  oc.  1. 

Fig.  9.  Rabbit  15.  Kidney.  Note  the  large  body  in  the  glomerulus  with  a 
few  pyknotic  nuclei  and  some  nuclear  debris.  In  an  adjacent  section  of  this 
same  glomerulus  the  entire  body  gave  a  typical  amyloid  reaction,  the  material 
appearing  in  a  distinctly  fibrillar  and  finely  granular  form.  Microphotograph. 
Bausch  and  Lomb  obj.  i,  oc.  1. 
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BACTERIOLOGICAL  AND  EXPERIMENTAL  STXJDIES  ON 

GASTRIC  ULCER. 

By  HERBERT  L.  CELLER,  M.D.,  and  WILLIAM  THALHIMER,  M.D.,* 
(Prom  the  Pathological  Laboratory,  Mount  Sinai  Hospital,  New  York,) 

(Received  for  publication,  March  8, 1916.) 

Many  investigators  have  attempted  to  produce  chronic  gastric 
ulcers  experimentally.  These  experiments  have  been  performed  on 
various  spedes  of  animals,  and  a  great  variety  of  methods  has  been 
used  in  causing  the  original  injury  to,  or  defect  in  the  gastric  mucosa. 
All  these  attempts  have  failed,  and  the  continuity  of  the  gastric  mu- 
cosa was  always  restored  by  prompt  healing  unless  the  procediu^ 
caused  a  complete  stoppage  of  the  blood  supply  to  a  part  of  the 
stomach.  This  was  followed  in  some  instances  by  infarction  and  by 
perforation  and  its  sequelae. 

Recently  Rosenow'  has  published  some  interesting  investigations  on  the  pro- 
duction of  acute  and  chronic  gastric  ulcers  in  rabbits  and  dogs.  His  full  report 
has  not  yet  appeared.  He  isolated  anhemolytic  streptococci,  so  called  Strepto- 
coccus  viridans  or  mitis,  from  96  per  cent  of  a  series  of  gastric  ulcers  removed 
from  hiunan  subjects  at  operation.  Recently  isolated  cultures  were  injected 
intravenously  into  animals,  and  in  60  per  cent  gastric  ulcers  were  found.  In  a 
few  animals  which  were  allowed  to  live  for  a  considerable  time  after  their  inocu- 
lation, in  some  instances  several  months,  chronic  ulcers  were  found  at  autopsy. 
From  these  results  Rosenow  has  reached  certain  conclusions  which  may  be 
briefly  simm[iarized  as  follows: 

1.  Anhemolytic  streptococci  can  be  recovered  by  a  special  technique  from 
practically  all  gastric  ulcers  removed  at  operation. 

2.  The  streptococci  from  this  source  possess  a  si)eciflc  affinity  for  the  stomach 
which  enables  them  to  localize  in  this  organ,  when  recently  isolated  cultures 
are  injected  intravenously  into  animals. 

3.  About  60  per  cent  of  the  animals  inoculated  in  this  manner  develop  gastric 

*  This  work  was  done  under  the  tenure  of  a  George  Blimienthal,  Jr.,  Fellowship. 
^  Rosenow,  E.  C,  and  Sanford,  A.  H.,  Jour,  Infect,  Dis.,  1915,  xvii,219;  Jour. 
Ind.  StaU  Med,  Assn,,  1915,  viii,  458;  Jour.  Am,  Med,  Assn,,  1915,  Ixv,  1687. 
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ulcers.    Other  lesions  also  occur  following  these  inoculations,  but  with  less 
frequency. 

4.  Streptococci  can  be  recovered  from  these  experimental  ulcers  and  can  be 
demonstrated  histologically.  They  reach  this  location  by  the  blood  stream  and 
are  deposited  in  the  capillaries  of  the  gastric  mucosa. 

5.  These  streptococci  are  identical  with  those  inoculated. 

6.  Anhemolytic  streptococci  are,  therefore,  the  cause  of  gastric  ulcers  in  man, 
and  these  organisms  reach  the  stomach  by  a  hematogenous  route. 

The  following  experiments  were  undertaken  following  Dr. 
Rosenow's  presentation  of  his  investigations  in  New  York  in  April, 
1915.  The  technique  which  we  employed  in  isolating  and  injecting 
the  streptococci  is  identical  with  his.  We  are  indebted  to  Dr. 
Rosenow  for  having  furnished  us  with  a  description  of  his  technique 
before  the  publication  of  his  work. 

Material. 

Eight  chronic  gastric  ulcers  removed  at  operation  from  human  sub- 
jects were  examined  bacteriologically  and  histologically  We  have 
also  studied  one  ulcer  occurring  at  the  ostium  of  a  gastrojejunostomy. 
The  results  obtained  from  these  examinations  and  the  animal  experi- 
ments performed  with  the  organisms  recovered  from  these  ulcers 
form  the  basis  of  the  following  report.  Although  the  number  of  speci- 
mens studied  has  not  been  large,  the  consistency  of  the  results  ob- 
tained by  all  three  methods  of  investigation  seems  to  us  to  justify 
the  present  communication. 

The  eight  gastric  ulcers  studied  were  all  of  the  chronic  indurated 
type.  All  the  cases  from  which  they  were  removed  had  typical 
gastric  symptoms  which  varied  in  duration  from  2  months  to  8 
years.  Two  of  the  ulcers  were  located  at  the  pylorus  and  six  on  the 
lesser  curvature. 

On  examination  of  the  stomach  at  operation  the  ulcer-bearing  area 
was  found  thickened  and  indurated  and  either  a  defect  in  the  mucosa 
or  a  crateriform  ulcer  was  felt. 

Brief  descriptions  of  the  gross  appearance  of  the  specimens  exam- 
ined follow. 

A.  Small  piece  of  ulcer  removed.    Ulcer  felt  crateriform  to  operator. 
C.  Funnel-shaped  ulcer  of  the  greater  curvature,  near  pylorus,  1.5  cm.  in 
width,  with  firm  fibrotic  margins. 
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D.  Ulcer  of  the  lesser  curvature,  1.5  cm.  in  width,  extending  through  the 
entire  gastric  wall  into  the  gastrohepatic  omentum.  Edges  overhanging,  firm, 
and  fibrotic. 

£.  The  same  appearance  as  D. 

G.  Ramifying,  irregular  ulcer  involving  the  lesser  curvature,  the  entire  pyloric 
antrum,  and  the  first  cm.  of  the  duodenum.  It  has  a  punched  out  appearance 
with  sharp  edges,  not  overhanging;  the  base  extends  into  the  muscularis. 

J.  At  the  middle  of  the  lesser  curvature  of  the  pyloric  antrum  there  is  an  ulcer 
2  cm.  in  width,  perforating  entirely  through  the  stomach  wall  into  the  gastro- 
hepatic omentum,  with  sharp,  firm  edges  that  do  not  overhang. 

L.  Round,  ptmched  out  ulcer,  1  cm.  in  width,  with  firm  edges  which  slightly 
overhang.    The  ulcer  extends  almost  through  the  entire  wall  of  the  stomach. 

M.  The  specimen  consists  of  a  segment  of  the  middle  7  cm.  of  the  stomach. 
The  middle  of  the  posterior  wall  is  occupied  by  a  perforated  ulcer,  3  cm.  in 
diameter,  with  sharp  edges. 

Gasirqfefumd  Ulcer, — ^This  specimen  was  removed  from  a  patient  on  whom  3 
years  previously  a  posterior  gastrojejunostomy  by  the  Murphy  button  method 
had  been  performed,  together  with  a  pyloric  exclusion  by  the  string  method  for 
a  perforated  duodenal  ulcer  situated  just  beyond  the  pylorus. 

Operation  and  Specimen, — ^At  the  site  of  the  former  duodenal  ulcer  there  is  an 
indurated  area.  The  string  is  still  in  place  and  the  pylorus  almost  completely 
closed,  barely  admitting  the  tip  of  the  little  finger.  The  gastrojejimostomy 
opening  is  considerably  stenosed  and  admits  only  the  tip  of  the  little  finger. 
The  edge  of  the  ostium  appears  soft  and  normal  over  about  two-thirds  of  its  cir- 
cumference. The  remaining  one-third  feeb  indurated  and  the  serous  surface 
over  this  is  bright  red  in  color  and  shows  a  few  veiy  recent,  fibrinous  adhesions 
between  the  jejunum  and  the  transverse  mesocolon.  The  anastomosis  between  the 
jejimum  and  the  stomach  was  separated  with  difficulty.  Beneath  the  reddened 
portion  of  the  ostium  was  found  what  appeared  to  be  a  definite  and  somewhat 
indurated  ulcer  of  the  stomach,  1.5  cm.  in  size.  This  portion  was  resected 'and 
a  new  gastrojejunostomy  was  performed  at  the  same  site,  by  the  suture  method. 

Methods, 

Immediately  after  the  operation  pieces  of  ulcer  were  removed  for 
culture  and  the  remainder  of  the  material  was  fixed  in  70  per  cent 
alcohol.  Some  of  the  pieces  were  incubated  in  deep  tubes  of  glucose- 
serum-botdllon  for  24  and  48  hours  and  then  fixed  in  alcohol.  Sections 
were  prepared  by  both  the  paraffin  and  celloidin  methods  and  stained 
with  hematoxylin  and  eosin,  Giemsa  and  Unna-Pappenheim  stains, 
and  by  the  Gram-Weigert  method. 

Formalin  fixation  was  not  used  as  this  interferes  with  the  demon- 
stration of  bacteria.    The  aniline  oil,  gentian  violet  used  in  the  Gram- 
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Weigert  method  was  always  filtered  through  Berkefeld  filters  to  re- 
move any  bacteria  present  which  might  be  deposited  on  the  section 
and  lead  to  confusion. 

Microscopical  Studies. 

Microscopical  examination  reveals  a  great  similarity  in  the  patho- 
logical processes  in  the  specimens.  All  the  ulcers  show  certain  promi- 
nent characteristics.  The  edge  of  the  ulcer  is  sharp,  as  though  cut 
off,  even  when  it  is  overhanging.  The  mucosa  at  the  edge  shows  only 
a  superficial  degeneration  and  a  moderate  grade  of  chronic  in- 
flammation consisting  of  congestion,  edema,  and  diffuse  infiltration 
with  mononuclear  leukocytes,  plasma  cells,  and  a  few  polymorpho- 
nuclear leukocytes.  The  glandular  structures  at  the  edge  of  the 
ulcer  show  sUght  degenerative  changes  of  their  cells.  Some  of  the 
glandular  acini  or  crypts  also  have  the  appearance  of  being  cut  off 
and  do  not  reach  the  siu^ace  of  the  mucosa  but  terminate  at  the  edge 
of  the  ulcer.  Whenever  found,  the  cells  of  the  adni  are  contained 
within  their  basement  membrane  and  show  no  tendency  to  hyper- 
plasia or  malignant  transformation.  The  lining,  i.  e.y  the  surface 
of  the  ulcer,  consists  of  a  narrow  layer  from  one-eighth  to  one- 
third  the  diameter  of  a  low  power  field  of  the  microscope  in  thick- 
ness and  resembles  very  much  the  degenerating  tissue  which  is 
found  situated  in  tuberculous  lesions  between  the  areas  of  caseation 
and  the  surrounding  tuberculous  granulation  tissue.  The  layer  of 
degenerating  tissue  fuses  with  or  is  transformed  into  dense  fibrous 
tissue,  although  the  line  of  demarcation  is  clearly  seen.  The  fibrous 
tissue  extends  for  a  considerable  distance,  in  places  as  much  as  1 
cm.,  into  the  submucosa  and  muscularis.  It  has  the  typical  charac- 
teristics of  scar  tissue  and  seems  to  form  a  wall  beneath  the  ulcer. 
Some  of  the  ulcers  have  completely  penetrated  the  stomach  wall, 
but  the  edges  are  always  covered  by  the  above  structures  and  the  bare 
muscularis  is  never  exposed.  The  connective  tissue  septa  which  lie 
between  the  muscle  bimdles  and  are  accompanied  by  blood  vessels, 
are  increased  in  size  by  fibrous  tissue  and  dense  infiltration  with 
mononuclear  leukocytes.  Similar  areas  of  fibrosis  and  infiltration  are 
found  beneath  and  in  the  serosa. 

Occasionally,  but   only  rarely,  prolongations  of  the  degenerat- 
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ing  surface  layer,  several  mm.  in  size,  are  found  in  the  dense  fibrous 
tissue  layer,  but  these  are  always  completely  limited  by  the  latter. 

With  the  special  stains  for  bacteria,  especially  with  the  Gram- 
Weigert  stain,  organisms  are  foimd  only  in  or  upon  the  lining  of  the 
degenerating  tissue  but  never  in  the  depths  of  this  except  in  the  pro- 
longations described  above.  The  organisms  usually  occur  in  small 
clumps  or  as  sparsely  scattered  individuals,  and  are  not  found  in  the 
dense  fibrous  layer,  the  stomach  wall,  the  connective  tissue  septa,  or 
the  areas  of  leukocytic  infiltration  of  the  serosa.  The  chief  organisms 
found  are  minute  coed  (streptococci),  peculiar  forms  of  yeast,  and  vari- 
ous types  of  bacilli.  The  same  forms  are  foimd  in  great  numbers 
throughout  the  tissue  which  was  incubated  in  bouillon  before  it  was 
fixed  in  alcohol,  but  are  most  niunerous  on  and  near  the  surface  of  the 
ulcer.  The  types  of  organisms  observed  in  the  preparations  from 
the  material  fixed  immediately  and  the  organisms  recovered  in  cul- 
tures are  given  in  parallel  coliunns  in  Table  I. 

In  all,  109  tubes  were  inoculated  either  with  emulsions  or  pieces  of 
ulcer.  Streptococci  were  present  in  32  tubes,  occurring  in  pure  cul- 
ture in  11.  13  tubes  remained  sterile,  and  the  other  64  tubes  con- 
tained various  types  of  organisms. 

The  streptococci  were  anhemolytic  and  had  the  following  morpho- 
logical and  cultural  characteristics. 

Morphology. — ^Stained  preparations.  Small,  Gram-positive  coed,  forming 
short  and  long  chains.  No  capsule.  Hanging  drop  of  growth  in  deep  tubes  of 
glucose-serum-bouillon  shows  long  convoluted  chains. 

Bouillon. — Slight  diffuse  doudiness;  many  granular  dumps  adherent  to  the 
sides  of  the  tube  and  also  deposited  at  the  bottom  as  sediment. 

Litmus  Milk. — ^Addified  but  not  coagulated. 

Gelatin. — ^Not  fluidified. 

InulinSerum-Peptone'Water'Medium. — ^Not  fermented. 

Bile. — ^No  solution  of  oiganisms. 

2  Per  Cent  GlucoseSerum-A  gar. —Bry,  granidar,  fairly  profuse  growth.  All 
strains  cause  predpitation,  most  of  them  marked  predpitation.' 

Plain  Agar. — Sparse,  dry  growth,  mostly  as  minute,  discrete,  pearly  white 
colonies. 


'Libman,  E.,  Jour.  Med.  Research,  1901,  i,  84. 
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TABLE    I. 


Ulcer. 


Types  of  oiganiuiM  found  in 
of  akeii. 


Few  groups  of  round  bodies, 
suggestive  of  coed,  upon  surface 
of  ulcer. 


Small  groups  of  coed,  few  ba- 
dlliy  some  of  them  diphtheroids, 
found  in  and  on  degenerating 
lining  near  edge  of  ulcer. 


Few  dumps  of  15  to  20  small 
coed  on  surface  of  ulcer. 


Laige  numbers  of  organisms 
singly  and  in  dumps  found  on  de- 
generating surface  of  lining  of 
ulcer.  These  are  mostly  small 
coed  in  long  chains;  many  large 
bacilli  and  a  few  slender  bacilli. 


Few  organisms  in  and  upon  de- 
generating lining  of  ulcer.  These 
are  mainly  large  and  small  bacilli 
and  a  few  coed. 


Oiganhnw  zeoovered  in  caltuzei  fnnn  nloen. 

Streptococd  and  several  unidentified  ba- 
cilli. No  pure  cultures.  6  tubes  inocu- 
lated; 2  contained  streptococd. 


Streptococd,  Bacillus  subtilis,  Micro- 
coccus Utragenus,  large  Gram-positive  bacilli, 
diphtheroid  badlli.  8  tubes  inoculated. 
Streptococd  pure  in  1  and  together  with 
bacilli  in  another. 


Streptococd,  3reast,  Staphylococcus  albus. 
Gram-positive  and  Gram-negative  motik 
bacilli,  Gram-positive  non-motile  bacilli. 
14  tubes  inoculated,  2  of  which  contained 
pieces  of  ulcer.  In  one  of  the  latter  strep- 
tococd were  found  in  pure  culture;  in  1 
other  tube  they  occurred  together  with 
Gram-positive  badlli. 


Streptococd  were  seen  in  cultures  but 
could  not  be  isolated;  slender  Gram-positive 
bacilli,  staphylococci,  spore-bearing  Gram- 
positive  badlli,  and  a  pleomorphic  Gram- 
positive  bacillus  were  isolated.  13  tubes 
inoculated,  2  of  which  contained  pieces  of 
ulcer.  In  the  latter  coed  in  long  chains  were 
seen;  4  tubes  were  sterile. 


Streptococd,  Gram-positive  badlli,  mo- 
tile Gram-negative  bacilli,  Staphyiocouus 
albus,  Bacillus  subiilis,  Gram-negative  spote- 
bearing  badlli.  14  tubes  inoculated,  2  of 
which  contained  pieces  of  ulcer.  In  1  of 
the  latter  streptococd  were  found  in  almost 
pure  culture  and  in  the  other  there  were  a 
few  chains  of  streptococd  and  Gram-nega- 
tive motile  bacilli. 

Of  the  remaining  12  tubes,  1  contained 
streptococd  in  pure  culture,  and  4  con- 
tained streptococci  together  with  1  or  more 
other  oxganisms. 
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TABLE  I — Concluded. 


TJker. 

Types  of  oxsamBms  found  in  sections 
of  ulcexs. 

J 

Few  bacilli  on  surface  of  ulcer. 
In  a  prolongation  of  the  necrotic 
lining  of  the  ulcer  into  the  depth 
there  are  yeasts,  scattered  and  in 
large  clumps;  small  cocci,  some 
of  which  are  in   chains;  large 
coed. 

Streptococci,  yeast,  staphylococd,  Bacillus 
subtilis,  spore-bearing  Gram-negative  ba- 
dUi.  16  tubes  inoculated,  2  with  pieces  of 
ulcer,  which  contained  streptococa  to- 
gether with  Gram-positive  bacilh.  In  3  of 
the  remaining  tubes  streptococci  were  found 
in  pure  culture,  in  4  together  with  other 
organisms,  and  1  tube  was  sterile. 

L 

In  and  upon  the  degenerating 
lining  are  found  masses  of  yeast 
but  no  bacteria. 

Yeast,  Staphylococcus  albus,  small  Gram- 
positive    bacillus.    12    tubes    inoculated. 
None  contained  streptococci,  but  yeast  and 
Staphylococcus  aJbus  were  recovered  from 
aU. 

M 

In  and  upon  the  degenerating 
lining  are  many  coca,  some  in 
chains.     There    are   as    many 
bacilli  present  as  coed;  some  of 
the  bacilli  are  large  and  in  chains 
and  some  are  small.    Yeasts  in 
tube-like  stems  are  also  found. 

Streptococd,  yeast,  Bacillus  subiilis,  staph- 
ylococd,  Gram-positive  bacilli,  large  strepto- 
badlli.  15  tubes  inoculated,  2  with  pieces 
of  ulcer.  The  latter  contained  streptococd 
together  with  other  orgamsms.  Of  the  re- 
mainder, 2  contained  streptococd  in  pure 
culture,  1  contained  streptococci  and 
bacilli,  and  7  were  sterile. 

Gaa- 

tro- 

jcju- 

nal. 

No  bacteria  demonstrable  by 
Gram-Weigert  method. 

Streptococd,  staphylococd,  short  Gram- 
positive  bacillus.  11  tubes  inoculated,  1 
with  piece  of  ulcer.  Streptococd  recovered 
in  pure  culture  from  3  tubes  and  together 
with  staphylococd  in  2  tubes.  1  tube  was 
sterile,  1  contained  a  short  Gram-positive 
bacillus,  and  4,  induding  the  tube  inoc- 
ulated with  a  piece  of  ulcer,  contained 
staphylococd. 

Plain  Blood  Agar, — Small  discrete  or  fused  colonies,  gray  by  reflected  light, 
and  opaque  and  surrounded  by  a  narrow  green  zone  by  transmitted  light.  No 
hemolysis. 

From  seven  ulcers  we  recovered  anhemolytic  streptococci;  strepto- 
cocci were  seen  in  cultures  from  the  eighth  but  could  not  be  isolated, 
and  from  the  ninth  no  streptococci  were  recovered. 
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Yeasts  were  recovered  from  four  ulcers.  They  were  not  identified, 
but  grew  luxuriantly  aerobically  on  all  the  ordinary  laboratory 
media.  Morphologically  slight  variations  in  the  strains  were  noted. 
They  resembled  morphologically  the  Saccharomyces  described  by 
Besson.* 

Method  of  Inoculation, 

Recently  isolated  cultures  were  injected  in  most  of  the  experiments, 
the  exact  generation  being  given  in  the  table,  "first  generation"  mean- 
ing the  original  culture.  The  material  for  inoculation  was  prepared 
as  follows : 

1.  A  24  hour  growth  of  streptococci  was  obtained  either  in  deep 
tubes  of  glucose-serum-bouillon  or  on  slants  of  glucose-serum-agar. 
About  20  cc.  of  the  growth  in  bouillon  were  centrifuged,  washed  twice 
with  normal  saline  solution,  and  the  resulting  sediment  was  taken  up 
in  2  to  5  cc.  of  normal  saline  solution.  The  24  hour  growth  from 
one  to  four  glucose-serum-agar  slants  was  similarly  washed  with 
normal  saline  solution  and  the  sediment  resusp>ended  in  salt  solution. 

2.  A  milky  emulsion  of  a  24  hour  culture  of  yeast  on  glucose- 
senun-agar  was  made  in  several  cc.  of  normal  saline  solution. 

The  entire  amount  of  suspension  prepared  was  used  for  intravenous 
injection  into  the  ear  vein  and  from  1  to  2  cc.  for  injection  into  a 
branch  of  the  gastric  artery.  For  the  gastric  artery  injection  the 
animals  were  etherized  and  a  laparotomy  was  performed  under  aseptic 
precautions.  The  stomach  was  delivered  and  a  branch  of  the  gas- 
tric artery,  usually  on  the  anterior  wall,  was  injected  with  a  very 
fine  needle  and  Record  syringe.  The  part  supplied  always  blanched 
during  injection,  but  the  color  immediately  returned  on  withdrawal 
of  the  needle.  Very  little  hemorrhage  followed  and  this  was  quickly 
controlled  by  compression.  The  wounds  in  every  animal  healed  per 
primam  and  none  developed  peritonitis.  Subsequent  investigation 
was  made  through  a  laparotomy  wound,  opening  the  stomach  widely 
and  inspecting  the  entire  mucosa  directly.  These  gastric  incisions  also 
healed  promptly  and  in  several  animals  the  stomach  was  opened  a 
second  time  without  apparent  injury. 

'  Besson,  A.,  Technique  microbiologique  et  s6roth6rapique,  Paris,  5th  edition, 
1911. 
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Animal  Experiments. 

Rabbits  and  cats  were  used  in  our  experiments.  Most  of  the 
rabbits  were  injected  intravenously  with  streptococci,  but  in  some  the 
injections  of  either  streptococci  or  yeast  were  made  directly  into  a 
branch  of  the  gastric  artery.  Streptococci  were  injected  into  a  branch 
of  the  gastric  artery  in  two  cats  and  a  yeast  in  the  other  two. 

Table  II  gives  in  a  condensed  form  the  experiments  and  their 
results.* 

Gastric  Lesions  in  Rabbits  Following  Intravenous  Injection  of 

Streptococci. 

Thirty  rabbits  were  injected  intravenously  with  streptococci. 
Gastric  lesions  developed  in  four  (13.3  per  cent). 

Rabbit  A  III. — ^Elilled  2  days  after  injection. 

Stomach. — Over  the  anterior  wall  of  the  stomach  near  the  cardia  there  are 
three  pale,  ahnost  circular  areas  seen  on  the  serosa.  One  of  these  is  at  the  ter- 
mination of  a  group  of  blood  vessels  springing  from  the  lesser  curvatiu'e.  Be- 
neath these  areas  are  what  appear  to  be  defects  in  the  mucosa,  from  2  to  10  mm. 
in  width.  The  edges  are  abrupt  and  irregular  and  one  cannot  tell  whether  the 
base  of  the  defects  is  covered  by  the  mucosa  or  not. 

Microscopical  Examination. — The  defects  extend  almost  through  the  mucosa, 
with  slight  inflammatory  reaction  about  them.  Gram-Weigert  stain  shows  vari- 
ous types  of  bacilli  and  cocci  along  the  entire  sxirface  of  the  mucosa  and  defect. 
The  same  organisms  occur  in  the  tissues  just  beneath  the  surface,  but  at  no  greater 
depth  at  the  site  of  the  defect  than  elsewhere.    No  predominance  of  cocci. 

Rabbit  C  III. — ^Killed  1  day  after  injection. 

Stomach. — ^The  anterior  wall  of  the  cardiac  region  is  bright  red.  The  mucosa 
beneath  this  is  also  bright  red.    No  defects  found. 

Microscopical  Examination. — (Two  blocks.)  Section  1.  From  non-hemorrhag- 
ic  area.  Tissues  are  noraial.  There  are  no  bacteria  in  the  mucosa,  but  on  the 
surface  are  found  the  large  Gram-positive  bacilli  that  occur  on  the  surface  of  all 
stomach  sections. 

Section  2.  From  hemorrhagic  area.  There  is  an  engorgement  of  the  capil- 
laries in  the  mucosa  just  beneath  the  surface,  and  slight  extravasation.  No 
bacteria  in  this  area.  At  the  other  end  of  the  section,  which  includes  normal 
tissue,  just  beneath  the  surface  of  the  mucosa,  there  is  a  very  large  clump  of 
Gram-positive  cocci,  some  6f  them  in  chains,  but  mostly  occurring  as  diplococci  or 

*  A  nimiber  of  experiments  were  performed  with  organisms  recovered  from  other 
gastric  ulcer  cases,  which  we  hope  to  embody  in  a  later  report. 
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as  bacillaiy  forms.  There  is  no  inflammatoiy  reaction  found  around  this  area 
and  only  a  slight,  almost  insignificant  amount  of  extravasation  of  red  blood  cells. 

Rabbit  G  77.— Killed  2  days  after  injection. 

Stomach. — On  the  anterior  wall  of  the  pyloric  antrum,  near  the  lesser  curvature 
are  two  hemorrhagic  areas  in  the  mucosa,  2  by  4  mm.  in  size,  and  a  few  nmi.  from 
one  another.  There  is  a  superficial  defect  over  these  areas  and  the  mucous  mem- 
brane around  them  for  a  distance  of  2  mm.  is  slightly  reddened. 

Microscopical  Examination — Serial  sections  of  superficial  defect.  Gram- 
Weigert  stain.  A  V-shaped  defect,  half  way  through  the  mucosa,  in  the  midst  of 
the  hemorrhagic  area.  Veiy  large  bacilli  are  invading  the  defect  from  the  sur- 
face.   No  streptococci.    No  bacteria  in  any  of  the  blood  vessels. 

Rabbit  G  VI. — Animal  became  sick  and  was  killed  3  days  after  injection. 

Stomach. — On  the  mucosa  on  the  anterior  wall  of  the  pyloric  antrum  there  is 
a  superficial  hemorrhagic  defect,  2  by  4  mm.  The  mucosa  around  it  is  reddened, 
and  adherent  to  it  is  blood-stained  mucus. 

Microscopical  Examination. — ^A  considerable  area  of  mucosa  shows  slight 
hemorrhagic  infiltration,  with  hyaline  thrombosis  in  a  few  of  the  superficial 
blood  vessels  and  moderate  degeneration  of  the  superficial  third  of  the  mucosa. 
Just  beneath  the  center  of  this  area  are  several  arteries  and  veins  in  the  sub- 
mucosa  which  show  slight  inflammation  of  their  walls  but  no  change  in  the  lumen. 

Serial  Sections. — Gram-Weigert  stain.  No  cocci  in  any  of  the  vesseb 
going  to  the  mucosa.    No  bacteria  except  surface  bacteria  of  various  types. 

Gastric  Lesions  in  Rabbits  Following  the  Injection  of  a  Branch  of  the 

Gastric  Artery  with  Streptococci. 

In  eight  rabbits  a  branch  of  the  gastric  artery  was  injected  with 
streptococci,  according  to  the  method  described  above.  Gastric 
lesions  developed  in  six  (75  per  cent). 

Rabbit  C  IV. — Killed  3  days  after  injection. 

The  peritoneal  cavity  contains  a  small  amount  of  fluid  and  clotted  blood,  and 
the  omentum  and  portions  of  the  stomach  are  infiltrated  with  blood.  Omen- 
tum adherent  over  stomach.  Serosa  over  injected  area  is  pale,  and  shows  be- 
neath it  a  few  pin-head,  cream-colored  areas,  which  look  like  miliary  abscesses. 
Mucosa  over  these  areas  shows  small  hemorrhagic  patches  with  slight  defects 
in  the  mucosa,  as  well  as  miliary,  cream-colored  areas  similar  to  the  above. 

Microscopical  Examination. — ^There  are  several  large  hemorrhagic  areas  in 
the  serosa  and  collections  of  leukoc3rtes  almost  to  the  degree  of  abscess  formation. 
There  are  about  half  a  dozen  depressions  along  the  surface  of  the  mucosa  which 
are  V-shaped,  and  about  these  depressions  is  a  slight  hemorrhagic  infiltration 
with  partial  degeneration  (?)  of  the  structures.  These  areas  reach  half  way 
through  the  mucosa.    Over  most  of  these  depressions  the  surface  epithelium  is 
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intact  but  slightly  degenerated  and  there  is  a  slight  fibrinous  exudate  adherent  to 
the  surface. 

Gram-Weigert  stain.  Upon  the  mucosa  over  the  hemorrhagic  and  purulent 
areas  are  a  great  number  of  bacteria,  most  of  them  large  bacilli;  no  bacteria  are 
found  in  the  hemorrhagic  and  purulent  areas  in  the  mucosa.  Bacteria  are  pres- 
ent in  the  serosa  and  correspond  to  those  on  the  surface  of  the  stomach.  These 
are  probably  secondary  invaders. 

Rabbit  G  VII, — ^Killed  5  days  after  injection. 

Stomach. — ^The  branch  of  arteiy  injected  is  identified  by  a  small  hemorrhagic 
spot  at  the  site  of  injection.  Distal  to  this  the  vessel  seems  empty.  On  the 
serous  coat,  in  the  portion  directly  supplied  by  the  injected  artery,  an  area,  1.5  by 
3  cm.,  shows  beneath  the  serosa  a  thin  layer  of  thick^  cream-colored  pus.  Be- 
neath this  is  seen,  from  the  mucosal  side,  an  irregular,  punched  out  defect,  1  by 
0.5  cm.,  with  raised,  edematous  edges,  and  an  area  of  edema  around  it,  2  cm. 
in  width.  The  base  of  the  defect  is  fonned  by  a  veiy  thin,  transparent  portion 
of  the  wall  of  the  stomach.  About  2  cm.  from  the  defect  is  a  hemorrhage  in  the 
mucosa,  2  mm.  wide.    The  remainder  of  the  stomach  is  normal. 

Microscopical  Examinatum. — ^The  bade  of  the  defect  shows  degeneration  and 
necrosis  almost  as  far  as  the  serosa.  The  edge  of  the  defect  is  fairly  sharp  and 
shows  a  similar  condition  of  degeneration. 

Gram-Weigert  stain.  In  the  depth  of  the  defect,  just  beneath  the  serosa  and 
reaching  for  a  short  distance  into  the  muscularis,  are  foimd  solid  clumps  of  strep- 
tococci filling  the  capillaries  and  small  blood  vessels.  Between  these,  scattered 
throughout  the  tissues,  are  diffuse  collections  of  streptococci.  On  and  immedi- 
ately beneath  the  necrotic  surface  of  the  defect  are  large  clumps  of  bacilli.  Indi- 
vidual bacilli  also  lie  scattered  between  the  clumps. 

On  cross  section  of  a  portion  of  the  stomach  with  arteries  near  the  defect,  one 
of  the  arteries  is  seen  to  be  filled  with  an  organiidng  thrombus;  the  other  arteries 
are  normal.    There  are  no  bacteria  in  the  thrombus. 

RabbU  G  VIII. — ^Died  4  days  after  injection. 

Stomach. — ^About  one-third  filled  with  food.  Delicate  adhesions  between  the 
cardiac  half  of  stomach  and  surroimding  viscera.  Over  the  cardiac  half  of  the 
stomach,  especially  near  the  greater  curvature,  the  mucosa  shows  ntunerous 
minute  hemorrhages.    No  defects. 

Microscopical  examination  was  not  made. 

RabbU  J  III. — ^Killed  7  days  after  injection. 

Operation. — ^Attempt  to  make  injection  into  a  branch  of  the  gastric  artery 
near  the  cardiac  end  of  the  stomach  on  the  anterior  wall  failed.  Injection  was 
made  into  another  blood  vessel  on  the  anterior  wall  of  the  stomach,  though  it 
could  not  be  determined  whether  it  was  a  vein  or  an  artery.  No  blanching  of  the 
portion  of  the  stomach  injected.  Previous  attempt  at  injection  resulted  in  a 
large  hematoma  at  the  lesser  curvature  of  the  stomach.  Two  large  branches  of 
the  gastric  artery  on  the  posterior  wall  of  the  stomach  were  injured  in  delivery 
of  the  stomach.    Animal   returned   to  cage  in  good  condition. 
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Stomach. — ^Hematoma  along  the  lesser  curvature.  About  the  vessel  on  the 
anterior  wall  which  was  injected  there  is  an  area  about  1  by  0.5  cm.  showing 
hemorrhages  and  a  small  amount  of  thick  pus  beneath  the  serosa.  On  the  poste- 
rior waU  of  the  fundus  near  the  greater  curvature,  corresponding  to  the  area  sup- 
pb'ed  by  the  injured  arteries,  the  stomach  is  adherent  in  two  places  to  one  of  the 
lobes  of  the  liver.  The  mucosa  of  the  stomach  immediately  beneath  these  ad- 
herent areas  shows  an  irreg^ular  defect  0.5  cm.  in  width  which  extends  half  way 
down  through  the  gastric  wall.  The  base  of  the  defect  is  reddened;  the  edge  is 
edematous  and  slightly  reddened.  Beneath  the  hemorrhagic  areas,  on  the 
anterior  waU  of  the  stomach  where  the  injection  was  made,  there  are  no  changes 
in  the  mucosa.    The  stomach  is  otherwise  negative. 

Microscopical  Examination. — Defect  on  posterior  wall.  Superficial  defect 
half  way  through  the  mucosa  with  degenerative  changes,  slight  hemorrhages,  etc. 
One  large  vein  in  the  submucosa  shows  beginning  mural  thrombosis.  No  str^to- 
cocd  or  other  bacteria  in  the  depth  of  the  defect.  Various  types  of  bacteria 
present  on  the  surface  of  the  normal  portion  of  the  stomach  and  on  the  surface 
of  the  defect.  Adhesions  over  the  serosa  contain  no  bacteria.  Gastric  arteries 
8uppl3ring  the  area  of  the  defect  are  normal. 

Gram-Weigert  stain.  Usual  t3rpes  of  bacteria  on  surface  of  defect  and  neigh- 
boring normal  mucosa,  none  in  tissues  ezcq)t  a  few  surface  t3rpe  organisms  in 
the  hemorrhagic  area  of  the  serosa. 

The  serosa  of  lesions  on  the  anterior  wall  shows  edema  and  sUght  hemorrhagic 
and  leukocytic  infiltration.  Vessels  and  mucosa  are  normal.  Gram-Weigert 
stain.  Usual  surface  bacteria  are  present,  but  no  oiganisms  are  found  in  the 
tissues. 

Rabbit  M  I, — ^Killed  7  days  after  injection. 

Stomach. — On  the  serous  surface  of  the  anterior  wall  of  the  fundus,  in  the 
center  of  the  region  supplied  by  the  injected  arteiy,  there  is  a  creamy  yellow  area, 
1  by  2  cm.,  where  the  omentum  is  adherent.  There  are  other  smaller  areas  of 
thickening  of  serosa.  Beneath  the  laige  area,  practically  the  entire  thickness  of 
the  stomach  wall  from  the  mucosa  outward  is  necrotic,  forming  a  defect  with 
hemorrhagic  edge  and  necrotic  base.  The  branch  of  artery  injected  is  in  good 
condition. 

Microscopical  Examination. — ^There  is  a  defect  of  the  mucosa.  Beneath  the 
defect  the  gastric  wall  shows  large  masses  of  pus  cells,  edema,  congestion,  and 
degeneration  of  tissues,  amounting  almost  to  necrosis  in  places.  No  thrombi 
in  veins  or  arteries. 

Gram-Weigert  stain.  There  are  masses  of  cocci  in  the  inflamed  and  degener- 
ating area  and  similar  masses  in  the  overhanging  edge  of  the  defect  apparently 
lying  in  the  capillaries  or  l}anphatics. 

Rabbit  M  III. — Killed  7  days  after  injection  with  killed  culture  of  streptococci. 

Stomach. — ^Minute  scar  at  the  point  of  injection  of  the  artery.  Mucosa  of 
fundus,  near  the  greater  curvature,  shows  a  few  minute  hemorrhages  but  no  de- 
fect over  them. 
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Microscopical  ExamituUian, — Congestion  of  superficial  capillaries.  No  hemor- 
rhages. Gram-Weigert  stain.  No  cocci,  or  other  bacteria,  except  a  few  usual 
types  on  the  surface. 

Gastric  Lesions  in  Cats  Following  the  Injection  of  a  Branch  of  the 

Gastric  Artery  with  Streptococci. 

In  two  cats  a  branch  of  the  gastric  artery  was  injected  with  strep- 
tococci. Both  animals  developed  defects  in  the  gastric  mucosa,  which 
soon  began  to  heal  and  were  observed  to  have  healed  completely  in 
33  days. 

C(U  J  I. — Cat  well  9  days  after  injection. 

Stomach  Operation. — ^Explored  under  ether  anesthesia.  Few  adhesions  found 
between  the  anterior  wall  of  the  stomach  and  the  omentum,  and  between 
the  posterior  wall  and  the  posterior  wall  of  the  lesser  peritoneal  sac.  Along  the 
lesser  curvature  there  is  an  indurated  area  about  1  cm.  wide  in  the  region  supplied 
by  the  injured  artery.  Beneath  this  is  seen  a  punched  out  area  in  the  mucosa 
that  may  be  either  a  shallow  erosion  or  healing  defect.  Stomach  otherwise 
negative.  The  incision  in  the  stomach,  which  was  parallel  to  the  greater  curvature 
and  1  en;,  from  it  on  the  anterior  wall,  was  closed  with  a  double  row  of  sutures. 
33  days  after  injection  the  abdomen  was  opened  under  ether  anesthesia.  No 
sign  of  defect  found  on  serous  or  mucous  coats  of  stomach.    Animal  killed. 

Cat  J  II, — 18  days  after  injection.  Cat  has  remained  entirely  weU  and  well 
nourished. 

Operation, — ^Periormed  imder  ether  anesthesia.  Stomach  free  and  nowhere  ad- 
herent. At  the  lesser  curvature,  where  the  injected  artery  enters  the  stomach, 
there  is  an  indurated  area  involving  the  entire  wall  of  the  stomach,  1.5  cm.  wide 
and  about  the  normal  stomach  wall  in  thickness.  The  stomach  was  opened  on 
the  anterior  wall  parallel  to  the  greater  curvature  for  a  distance  of  4  cm.,  1.5  cm. 
from  the  greater  curvature  and  the  same  distance  from  the  indurated  area.  Be- 
neath this  indurated  area  is  a  shallow,  irregularly  roimd  defect  in  the  mucosa 
with  indurated  margins.  The  edge  of  the  defect  is  formed  by  a  bright  red  line, 
apparently  of  granulations,  as  though  it  were  heaHng.  Stomach  closed.  Animal 
returned  to  cage  in  good  condidon.  33  days  after  the  injection  the  cat  was  again 
etherized.  Slight  puckered  scar  of  serosa  over  the  site  of  the  previous  defect. 
Mucosa  at  corresponding  point  shows  slightly  puckered  area,  entirely  healed. 
Animal  killed. 

Microscopical  Examination, — ^The  mucosa  is  completely  regenerated  over  the 
site  of  the  ulcer.  It  is  made  up  of  glands  which  are  slightly  atypical.  A  slight 
defect  in  the  submucosa  has  also  been  repaired.  Gram-Weigert  stain  shows  no 
bacteria. 
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Gastric  Lesions  in  Rabbits  Following  Injection  with  Yeast. 

Three  rabbits  were  injected  intravenously.  Two  of  these  animals 
developed  minute  hemorrhages  in  the  gastric  mucosa. 

Rabbit  L  III. — ^Died  12  hours  after  iQJection. 
Stomach. — ^Many  minute  hemorrhages  in  mucosa. 
Microscopical  Examination. — ^Negative;  no  yeast. 
Rabbit  L  IV. — Killed  7  days  after  injection. 

Stomach. — Few  minute  hemorrhages  in  mucosa,  not  examined  microscopically. 
In  addition  a  branch  of  the  gastric  artery  was  injected  in  one  rabbit  (L  II). 
The  animal  was  killed  on  the  7th  day  and  showed  no  lesions  at  autopsy. 

Gastric  Lesions  in  Cats  Following  Injection  of  Yeast  into  a  Branch 

of  the  Gastric  Artery. 

Two  cats  (L  I,  M  I)  were  injected.  The  animals  died  on  the  12th 
and  13th  days  respectively,  and  no  lesions  were  found  at  autopsy. 

Summary  of  Cardiac  Lesions. 

Of  the  thirty  rabbits  injected  intravenously  with  streptococci, 
fourteen  (47  per  cent)  developed  cardiac  lesions.  In  two,  minute 
vegetations  containing  streptococci  were  present.  The  remainder 
showed  either  petechial  hemorrhages  or  the  gross  appearance  of 
myocarditis,  and  practically  all  of  these  hearts  contained  micro- 
scopical lesions  of  the  Bracht  and  Wachter  type.* 

Of  the  eight  rabbits  in  which  a  branch  of  the  gastric  artery  was 
injected  two  (25  per  cent)  developed  minute  hemorrhages  in  the 
endocardium. 

Of  the  three  rabbits  injected  intravenously  with  yeast  one  showed 
hemorrhages  in  the  endocardium. 

DISCUSSION. 

As  a  result  of  the  above  studies  it  is  impossible  to  decide  defi- 
nitely whether  or  not  the  gastric  lesions  produced  by  the  injection  of 
streptococci  are  to  be  considered  xdcers.  The  superficiality  of  the 
rabbit  lesions  following  the  injection  by  the  intravenous  route  as  well 
as  the  entire  absence  of  inflammatory  reaction  in  the  deeper  gastric 

*  Thalhimer,  W.,  and  Rothschild,  M.  A.,  Jour.  Exper.  Med.,  1914,  xix,  429. 
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tissues  leads  us  to  the  belief  that  these  defects  are  certainly  not  analo- 
gous to  the  chronic  gastric  ulcer  seen  in  the  human  stomach. 
The  promptness  of  healing  of  the  embolic  lesions  in  the  cats  tends  to 
strengthen  this  conclusion.  This  point  will  be  discussed  more  fully 
below. 

Apparently  striking  results  were  obtained  in  Cats  J I  and  J II, 
where  the  injection  of  streptococci  into  a  branch  of  the  gastric  artery 
resulted  in  the  formation  of  shallow,  indurated  defects  that  might  be 
considered  ulcers.  However,  these  defects  were  found  to  be  healing 
on  the  10th  and  18th  days  respectively,  and  were  completely  healed 
on  the  33rd  day. 

It  has  been  demonstrated  by  Bolton,*  Wilensky  and  Geist,^  and 
others  that  defects  produced  mechanically  in  the  gastric  mucosa  and 
muscularis  of  cats  heal  in  2  to  4  weeks.  In  the  defects  produced  in 
the  rabbits  by  injection  into  a  branch  of  the  gastric  artery  strepto- 
cocci were  found  in  great  numbers  in  the  tissue  about  the  lesions. 
By  analogy  it  may  be  assimied,  even  in  the  absence  of  microscopic 
proof,  that  streptococci  were  also  present  at  some  time  in  the  lesions 
in  the  cats.  The  embolic  lesions  in  the  stomachs  of  the  cats  in  our 
series  healed  spontaneously  within  approximately  the  same  length 
of  time  as  those  mechanically  produced.  It  is  evident,  therefore, 
that  in  these  instances  the  injected  streptococci  failed  to  retard  the 
process  of  healing. 

The  constant  presence  of  an  anhemolytic  streptococcus  in  human 
gastric  ulcers  might  be  adduced  as  an  argument  in  favor  of  the  part 
played  by  this  organism  as  the  cause  of  the  chronidty  of  the  lesion. 
If  streptococci  could  be  demonstrated  in  considerable  numbers  in  the 
depth  of  hxmian  gastric  ulcer  this  conception  would  gain  a  firmer  basis. 
Rosenow^  has  foimd  streptococci  in  all  the  coats  of  the  stomach, 
some  of  the  organisms  even  lying  just  beneath  the  serosa.  No  men- 
tion is  made  of  the  nimiber  of  organisms  in  this  position.  In  our 
series  of  ulcers,  however,  despite  the  exandination  of  many  sections, 
the  streptococci  were  foimd  only  on  or  beneath  the  surface  of  the 
defect. 

•  Bolton,  C,  Jawr.  Path,  and  BacienoL,  1915,  xx,  133. 

^  Wilensky,  A.  O.,  and  Geist,  S.  H.,  Jour.  Am.  Med.  Assn.,  1916,  Ixvi,  1382. 
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The  case  of  gastro jejunal  ulcer  described  above  seems  of  impor- 
tance in  this  connection.  This  ulcer  might  readily  be  considered  as 
due  primarily  to  purely  mechanical  factors.  Streptococci  were  re- 
covered culturally  from  emulsified  pieces  of  tissue.  Although  the 
histological  picture  was  identical  with  that  of  the  other  ulcers  in  the 
series  the  most  careful  search  failed  to  show  the  presence  of  strepto- 
cocci on  the  surface  of  the  lesion  or  in  the  tissues  about  it.  One  must 
consider  the  pK)ssibility  that  in  this  case  the  streptococci  were  directly 
deposited  upon  a  preexisting  mechanical  defect  and  were  not  the  essen- 
tial causative  factor  in  the  formation  of  the  ulcer.^ 

A  possible  explanation  of  the  occurrence  of  streptococci  in  gastric 
ulcers  may  be  foimd  in  some  observations  of  Gushing  and  Livingood.* 
These  investigators  found  that  whereas  there  is  a  more  or  less  definite 
bacterial  flora  of  the  ileum  and  large  intestine,  this  is  not  true  of  the 
upper  portion  of  the  alimentary  tract.  The  stomach  and  the  duo- 
denum and  at  times  also  the  upper  jejunum  become  free  or  practi- 
cally free  of  bacteria  after  a  certain  period  of  f asting,  whereas  diuring 
and  shortly  after  a  meal  great  nimibers  of  organisms  of  different 
types  are  foimd.  These  are  greatly  reduced  in  number  when  sterile 
food  alone  is  taken.  Gushing  and  Livingood,  therefore,  concluded 
that  the  normal  stomach  has  no  definite  bacterial  flora  but  that  this 
is  dependent  upon  the  bacteria  taken  with  the  food. 

^  Since  this  article  was  completed  we  have  studied  another  gastrojejunal 
ulcer  that  had  the  gross  and  microscopic  appearance  of  a  chronic  gastric  ulcer. 
No  bacteria  were  found  with  the  Gram-Weigert  stain  either  upon  the  surface 
of  the  lesion  or  in  the  underlying  tissues.  Anhemolytic  str^tococci  were 
isolated  from  several  tubes  of  glucose-serum-agar  inoculated  with  the  emulsi- 
fied ulcer.  Other  bacteria  similar  to  those  described  in  the  body  of  the  paper 
were  also  recovered. 

Six  rabbits  were  injected  intravenously  with  the  second  generation  of  the 
streptococcus  and  were  killed  at  periods  vaiying  from  2  to  10  da3rs.  At 
autopsy  there  were  small  hemorrhages  in  the  duodenal  mucosa  of  one  rabbit, 
hemorrhages  in  the  tricuspid  valve  in  two  others,  and  minute  tricuspid  v^;e- 
tations  in  a  fourth.  The  structure  of  these  vegetations  on  microscopical  ex- 
amination as  well  as  the  absence  of  streptococci  in  smears  and  sections  indi- 
cates that  the  injected  organisms  were  not  the  cause  of  the  lesion.  No  other 
lesions  were  found  in  these  four  animals,  and  in  the  remaining  two  the  autopsy 
was  entirely  negative.  No  streptococci  were  found  either  culturally  or  micro- 
scopically in  the  hemorrhagic  area  in  the  duodenum. 

^  Gushing,  H.,  and  Livingood,  L.  £.,  Johns  Hopkins  Hosp.  Rep,,  1900,  ix,  543. 
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Gushing  and  Livingood  showed  that  neither  the  acidity  nor  the 
digestive  ferments  of  the  gastric  secretion  have  marked  lethal  effect 
on  the  bacteria  in  the  stomach.  They  believe  that  the  stomach  be- 
comes aseptic  chiefly  through  the  mechanical  removal  of  organisms 
in  the  passage  of  the  ingesta^  and  that  bacteria  cannot  adhere  to  nor- 
mal gastric  mucosa  nor  do  they  enter  or  remain  in  the  glandular 
crypts.  Whether  bacteria  can  adhere  to  the  surface  or  penetrate  into 
the  depths  of  defects  in  the  mucosa  remains  to  be  determined.  These 
writers  further  state  that  there  were  two  organisms  from  which  the 
stomach  freed  itself  with  difficulty,  and  which  were  foimd  in  a  niun- 
ber  of  examinations  many  hours  after  the  intake  of  food.  These 
organisms  were  a  minute  Gram-positive  diplococcus  and  yeast.  The 
same  forms  were  foimd  almost  constantly  in  our  series  of  gastric 
ulcers  both  in  sections  and  in  cultures. 

In  the  light  of  the  work  of  Gushing  and  Livingood  one  must  bear  in 
mind  the  possibility  that  these  organisms  which  are  commonly  found 
in  the  stomach  and  duodenum  might  remain  upon  or  immediately 
beneath  the  degenerating  lining  of  the  ulcer  because  of  favorable 
mechanical  or  structural  conditions. 

The  nature  of  both  the  experimental  gastric  and  cardiac  lesions 
indicates  that  the  streptococci  recovered  from  the  ulcers  are  of  a  low 
grade  of  pathogenicity,  such  as  is  usually  foimd  in  the  same  type  of 
organism  isolated  from  other  sources.  Whether,  having  established 
themselves  on  the  surface  of  a  gastric  ulcer  in  man,  they  are  innocuous 
or  manifest  a  low  grade  of  pathogenicity  tending  to  retard  healing 
requires  further  investigation. 

In  addition  to  the  streptococcus  other  organisms  were  invariably 
recovered  from  the  inoculated  tubes.  No  attempt  was  made  to  iden- 
tify these  strains  culturally.  The  same  types  were  usually  identified 
microscopically  in  sections,  proving  that  the  isolated  organisms  other 
than  streptococci  were  not  accidental  contaminations.  Furthermore, 
these  bacteria  were  quite  as  numerous  in  the  sections  as  streptococci, 
and  penetrated  to  the  same  depth  in  the  ulcer.  The  types  most 
frequently  encountered  were  a  yeast  and  a  thick  Gram-positive  ba- 
cillus. Some  of  the  isolated  strains  of  yeast  proved  pathogenic  for 
rabbits  on  intravenous  inoculation.  Our  data  are  insufficient  to 
warrant  an  expression  of  opinion  as  to  the  significance  of  these 
organisms. 
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CONCLUSIONS. 

It  must  be  assumed  that  some  cause  is  operative  in  certain  cases 
preventing  the  healing  of  defects  in  the  gastric  mucosa  and  is  inop- 
erative in  others.  Even  though  anhemolytic  streptococci  are  present 
in  practically  all  gastric  idcers,  we  cannot  convince  ourselves  that  these 
organisms  have  been  proven  as  yet  to  be  the  factor  which  either 
initiates  the  ulceration  or  prevents  healing.  Nevertheless,  the  con- 
stant presence  of  streptococci  in  this  type  of  lesion  is  a  suggestive  fact 
and  fiurther  experiments  to  determine  their  significance  are  being 
undertaken. 

We  wish  to  express  our  thanks  to  Dr.  A.  A.  Berg,  at  whose  sug- 
gestion this  investigation  was  undertaken.  We  are  further  indebted 
to  him  for  the  material  studied,  for  the  privilege  of  reportrug  abstracts 
from  his  clinical  records,  and  for  other  courtesies  extended  to  us 
during  the  progress  of  this  work. 
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vated non-vindent  Treponema 
pallidum  and  virident  trepone- 
mata  from  lesions,  341 
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Acidity: 

Gastric,  in  relation  to  chole- 
cystgastrostomy  (Grey),  IS 
Adrenal: 

Gastric    ulcers,    following    re- 
moval of  (Mann),  203 
Adrenalin: 

Absorption  after  intratracheal 
injection  (Auer  and  Gates), 

757 
Amyloid  disease : 
See  Disease. 
Anesthesia: 

Magnesium    sulphate    (Auer 

and  Meltzer),  >  641 

Sodium      carbonate      (Mac- 

Nider),  171 

Anopheles : 

Malaria  parasites  in  (EIing), 

703 
Antiblastic : 

Immunity    (Dochez  and  Av- 
ery), 61 
Antibody : 

Spirochaeticidal,  against  Tre- 
ponema pallidum  (Zinsser 
and  Hopkins),  323 

Typhoid  bacilli,  influence  of, 
on  antibodies  (Bull),    419 
Antimeningitis  serum : 

See  Serum,  meningitis. 
Aortitis : 

Syphilitic,  pathological  study 
of  (Larkin  and  Levy),    25 
Arsenic : 

Compounds  (Pearce  and 
Brown),  443 

Arsenicals : 

Renal  injury  from  (Pearce 
and  Brown),  443 


Atheroma: 

Cholesterol  feeding  producing 
(Bailey),  69 

Atmosphere : 

Oxygen  in  (Karsner),        149 

B 

Bacillus: 

coli,  injections  of  (Bailey),  773 

Typhoid.    See  Typhoid. 
Bacteria: 

puUorum  (Rettger,  Hull,  and 
Sturges),  475 

Reactions  between  animal  tis- 
sues and  (Smyth),  265,  275, 

283 
Bactericidal : 

Action  on  tissue  cultures 
(Smyth),  265 

Benzylhexamethylenetetrami  - 
nium  salts,  bactericidal  ac- 
tion of  (Jacobs,  Heidelber- 
GER,  and  Amoss),  569 

Halogenacetyl  compounds,bac- 
tericidal  action  of  (Jacobs, 
Heidelberger,  and  Bull), 

577 

Hexamethylenetetramine,  bac- 
tericidal properties  of  (Ja- 
cobs), 563 
(Jacobs,  Heidelberger, 
and  Amoss),  569 
(Jacobs,  Heidelberger, 
and  Bull),  577 
Benzylhexamethylenetetraxnine : 

Salts,  substituted  Qacobs,  Hei- 
delberger, and  Amoss),  569 
Bile: 

Pigment,  change  of  hemoglo- 
bin to  (Hooper  and  Whip- 
ple), 137 
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Biology: 

Peripheral  nerves,  in  trans- 
plantation    (Ingebrigtsen), 

251 
Blood : 

Cell,  red.    See  Erythrocyte. 

Destruction  and  regeneration 
in  relation  to  spleen  (Krum- 
BHAAR  and  Musser),  97 
(Krumbhaar,  Musser,  and 
Peet),  87 

Dextrose  in,  disappearance  of 
(Kleiner),  507 

Nitrogen  of  (Cooke,  Roden- 
b AUGH,  and  Whipple)  ,    717 

Splenic,  from  liver,  changes  in 
the  blood  following  diver- 
sion of  (Krumbhaar,  Mus- 
SER,  and  Peet),  87 

— , ,  resistance  to  hemo- 
lytic agents  following  diver- 
sion of  (Krumbhaar  and 
Musser),  97 

Brain: 

Syphilis  produced  by  brain 
substance  (Wile),  199 


Calcium : 

Salts,  additive  and  antagonis- 
tic action  of  (Gates  and 
Meltzer),  655 

Carbonate : 

Sodium.    See  Sodium. 
Carcinoma: 

Flexner-Jobling  rat  (WoG- 
lom),  189 

Pituitary  eflFect  on  (Robert- 
son and  Burnett),        631 

Transplantable  (Jones),     211 
Cell: 

Blood,  red.    See  Erythrocyte. 

Living,  suspensions  of  (Rous 
and  Jones),  549 

Plating  (Rous  and  Jones),  549 

Tissue  protecting  microorgan- 
isms (Rous  and  Jones),  601 


Chemical: 

Treatment  versus  serum  treat- 
ment of  meningitis  (Flex- 
NER  and  Ahoss),  683 

Chemotherapy: 

Bacterial  infections  (Jacobs), 

563 
Cholecjrstgastrostomy : 

Acidity,  gastric,  in  relation  to 
(Grey),  15 

Cholestercd: 

Atheroma  produced  by  feed- 
ing (Bailey),  69 
Colon  bacillus: 

See  Bacillus  colu 
Conduction: 

A-V,   influenced   by    digitalis 
(White  and  Sattler),    613 
Cultivation: 

SpiroclkBtaicterohiBmarrhaguB  (In- 
ada)  (Ito  and  Matsuzaki), 

557 
Tissue,  action  of  bacterial  vac- 
cines on  (Smyth),  275 
— y   bactericidal     action      in 
(Smyth),                          265 
Tubercle  bacilli  (Smyth),  283 


Destruction : 

Blood,  in  relation  to  spleen 
(Krumbhaar  and  Musser), 

97 
(Krumbhaar,  Musser,  and 
Peet),  87 

Dextrose : 

Disappearance  from  blood 
(Kleiner),  507 

DigitaUs: 

Effect  on  normal  human  elec- 
trocardiogram (White  and 
Sattler),  613 

Disease : 

Amyloid,  colon  bacilli  produc- 
ing (Bailey),  773 
Weil's    (Inada,    Ido,     Hoki, 
Kaneko,  and  Ito),         377 
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Infected  (Rettger,  Hull,  and 
Sturges),  475 

Electrocardiogram : 

Digitalis  effect  on  normal  hu- 
man (White  and  Sattler), 

613 
Epidemic : 

Meningitis     (Flexner     and 
Amoss),  683 

Epithelimn : 

Nephritis,  regenerated  epithe- 
lium in  (Oliver),  301 
Erythrocyte : 

Kept,    transfusion   of    (Rous 
and  Turner),  239 

Living,    preservation    of,    in 
vitro  (Rous  and  Turner), 

219,  239 
Etiology : 

Rat-bite  fever  (Blake),      39 

(FuTAKi,  Taeaki,  Tani- 

Gucm,  and  Osumi),  249 

Weil's    disease    (Inada,    Ido, 
HoKi,  Kaneko,  and  Ito), 

377 
Eye: 

Tissues,  trypan-red  in  (Lewis, 
P.  A.),  669 

F 
Ferment: 

Action   (Petersen,  Jobling, 
and  Eggstein),       491,  499 
Fever: 

Rat-bite.    See  Rat-bite  fever. 
Fibrous : 

Tissue  in  wound  healing  (Bait- 
sell),  739 
Flexner: 

-Jobling  rat  carcinoma  (WoG- 
lom),  189 

G 
Gastric: 

See  Stomach. 
Growth: 

Carcinomata  (Robertson  and 
Burnett),  631 


Halogenacdtyl: 

Compounds,  salts  from  Qacobs, 
Heidelberger,  and  Bull),  577 
Healing: 

Wound,     fibrous     tissue     in 

(Baitsell),  739 

— ,  influence  of  size  of  defect 

on  (Spain  and  Loeb),     107 

Hemoglobin : 

Change  of,  to  bile  pigment 
(Hooper  and  Whipple),  137 

Hemolytic : 

Agents,  resistance  to,  in  dogs 
in  which  splenic  blood  has 
been  diverted  from  the  liver 
(Krumbhaar  and  Musser), 

97 
Hezamethylenetetramine : 

Quaternary  salts  of  (Jacobs), 

563 

(Jacobs,  Heidelberger,  and 

Amoss),  569 

(Jacobs,  Heidelberger,  and 

Bull),  577 

Hypophysis : 

Fetal,  pressor  substance  in 
(Lewis,  D.),  677 


Icterus:  {See  also  Jaundice), 

(Hooper  and  Whipple),    137 

Immunity: 

Antiblastic       (Dochez      and 
Avery),  61 

Immunology: 

Pneumonia,  immunological  stu- 
dies in  (Weil  and  Torrey), 

1 
Implantation: 

Intratesticular,   of  rat   carci- 
noma (Woglom),  189 

In  vitro: 

Preservation    of  living     red 

blood      cells  (Rous    and 

Turner),  219,  239 
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In  vitro — continued: 

Tissues  cultures  (Smyth), 

275,283 
Infection : 

Bacterial,    chemotherapy    of 

(Jacobs),  563 

Klossiella  (Pearce),  431 

Weil's  disease,  mode  of  (In- 

ADA,    IdO,    HoKI,     KaNEKO, 

and  Ito),  377 

Inhibition : 

Toxicity  of  uranium  nitrate 
(MacNider),  171 

Injection: 

Adrenalin  absorption  after  (Auer 
and  Gates),  757 

Colon  bacilli  (Bailey),       773 
Dextrose  disappearance  from 
blood  after  (Kleiner),  507 
Magnesium  sulphate,  for  an- 
esthesia (Auer  and  Meltz- 
er),  641 

Intestine : 

Obstruction  of  (Whipple,  Ro- 
DENBAUGH,  and  Kilgore), 

123 
(Cooke,  Rodenbaugh,  and 
Whipple),  717 

Intoxication: 

Proteose  (Whipple,  Roden- 
baugh, and  Kilgore),    123 

J 
Jaundice:  (See  also  Icterus) , 

Hemolytic,  in  relation  to  blood 
destruction  and  regenera- 
tion (Krumbhaar  and  Mus- 
ser),  97 

(Krumbhaar,  Musser,  and 
Peet),  87 

Infectious.    See  Weil's  disease. 

K 
Kidney: 

Function,  without  nerves 
(Quinby),  535 

Injury  by  arsenicals  (Pearcoe 
and  Brown),  443 

Nephropathic,  uranium,  pro- 
tection of  (MacNider),  171 


Klossiella: 

Infection  (Pearce), 


431 


Lesion: 

Cholesterol  producing  (Bailey), 

69 
Liver: 

Blood  changes  following  di- 
version of  splenic  blood 
from  (Krumbhaar  and 
Musser),  97 

(Krumbhaar,  Musser,  and 
Peet),  87 

M 

Magnesium: 

Salts,  additive  and  antagonis- 
tic action  of  (Gates  and 
Meltzer),  655 

Sulphate,  as  anesthetic  (Auer 
and  Meltzer),  641 

Malaria: 

Parasites,  development  of 
(King),  703 

Meningitis : 

Chemical  versus  serum  treat- 
ment of  (Flexner  and 
Amoss),  683 

Method : 

Meningitis  serum,  rapid  prep- 
aration (Amoss  and  Woll- 
stein),  403 

Preservation  of  living  red 
blood  cells  in  vUro  (Rous 
and  Turner),  219 

Microorganism: 

Pathogenic,     protection      of 
(Rous  and  Jones),         601 
Mumps: 

See  Parotitis. 

N 

Nephritis : 

Colon  bacilli  producing  (Bai- 
ley), 773 
Uranium  (Oliver),             301 
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Nerves: 

Kidney  deprived  of  (Qxjinby), 

535 

Peripheral,     biology     of,     in 

transplantation,  in  plasma 

(Ingebrigtsen),  251 

Nitrate : 

Uranium,   inhibition  of  toxic- 
ity of  (MacNider),        171 
Nitrogen: 

Non-coagulable,  of  blood 
(Cooke,  Rodenbaugh,  and 
Whipple),  717 


Obstruction: 

Intestinal  (Cooke,  Roden- 
baugh, and  Whipple)  717 
(Whipple,  Rodenbaugh, 
and  Kilgobe),  123 

Oxalate: 

Sodium.    Su  Sodium. 
Oxygen : 

Atmospheres  rich  in  (Kars- 
ner),  149 


Pancreatitis: 

Experimental  (Petersen, 
JoBLiNG,  and  Eggstein), 

491 
Parasite : 

Malaria  (King),  703 

Protozoan,  intestinal  (Smith), 

293 
Paretic : 

Brain  substance  producing 
syphiUs  (Wile),  199 

Parotitis: 

(Wollstein),  353 

Pathology: 

Syphilitic  aortitis  *  (Larkin 
and  Levy),  25 

Peritoneum : 

Hemoglobin,  change  of,  to  bile 
pigment  in  peritoneal  cavity 
(Hooper  and  Whipple), 

137 


Pigment : 

Bile,  change  of  hemoglobin  to 
(Hooper  and  Whipple), 

137 
Pituitary: 

Carcinoma,  effect  of  pituitary 
on  (Robertson  and  Bur- 
nett), 631 
Plasma: 

Peripheral   nerves   in    (Inge- 
brigtsen), 251 
Plating: 

Cell  (Rous  and  Jones),    549 
Pleura: 

Hemoglobin,  change  of,  to  bile 
pigment  in  pleural  cavity 
(Hooper  and  Whipple), 

137 
Pneumonia: 

Immunological      studies      in 
(Weil  and  Torre y),         1 
Skin  reaction  in  (Weil),      11 
Poliomyelitis: 

Experimental  (Rosenau  and 
Havens),  461 

Pressor: 

Substance  in  h3rpophysis 
(Lewis,  D.),  677 

Proteose : 

Intoxication  (Whipple,  Ro- 
denbaugh, and  Kilgore), 

123 

Protozoon: 

Parasites,  aberrant  intestinal 
protozoan  (Smith),  293 


Rat-bite  fever: 

Etiology  (Blake),  39 

—   (FuTAKi,   Takaki,  Tani- 

GUCHi,  and  Osumi),  249 

Reaction : 

Bacteria    and    animal    tissue 
(Smyth),  265,  275,  283 

Skin,  in  pneumonia  (Weil),  11 
Red  blood  cell: 

See  Erythrocyte. 
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Regeneration : 

Blood,  in  relation  to  spleen 
(Krumbhaar  and  Musser), 

97 
(Krumbhaar,  Musser,  and 
Peet),  87 

Renal: 

See  Kidney. 

S 
Salts: 

Benzylhexamethylenetetrami  - 
nium  (Jacobs,  Heidel- 
BERGER,  and  Amoss),     569 

Magnesium  and  calcium 
(Gates  and  Meltzer),  655 

Quaternary,  from  halogena- 
cetyl  compounds  (Jacobs, 
Heidelberger,  and  Bull), 

577 

— ,    of     hexamethylenetetra- 

mine  (Jacobs),  563 

(Jacobs,  Heidelberger,  and 

Amoss),  569 

(Jacobs,  Heidelberger,  and 

Bull),  577 

Serology : 

Syphilitic  aortitis  (Larkin  and 
Levy),  25 

Serum: 

Immune,  Treponema  paUidum 
in  (Zinsser,  Hopkins,  and 
McBurney),  341 

Meningitis,  rapid  preparation 
of  (Amoss  and  Wollstein), 

403 

Pancreatitis,  serum  changes  in 
(Petersen,  Jobling,  and 
Eggstein),  491 

Thyroparathyroidectomy,  se- 
rum changes  after  (Peter- 
sen, Jobling,  and  Egg- 
stein), 499 

Treatment  versus  chemical 
treatment  of  meningitis 
(Flexner  and  Amoss),  683 


Pneumonia,  skin  reaction  in 
(Weil),  11 


Skin — continued: 

Wound  healing  of,  influence  of 
size  of  defect  on  (Spain  and 
Loeb),  107 

Sodium: 

Carbonate,  effect  on  nephro- 
pathic  kidney  (MacNider), 

171 

Oxalate  (Gates  and  Melt- 
zer), 655 

Spirochsta : 

icterohcemorrhague  (Inada)  (Ito 
and  Matsuzaki),  557 

pallida  (Zinsser  and  Hop- 
kins), 323 

(Zinsser,  Hopkins,  and  Mc- 
Burney), 329,  341 

— ,  antibodies  against  (Zins- 
ser and  Hopkins),        323 

— ,  immune  serum  (Zinsser, 
Hopkins,  and  McBurney), 

341 

—  strains  (Zinsser,  Hopkins, 
and  McBurney),  329 

Spirochsticidal: 

Antibodies  against  Treponema 
paUidum  (Zinsser  and  Hop- 
kins), 323 

Spirochietosis  icterohaemorrhagica: 

See  Weil's  disease. 

Spleen : 

Blood  destruction  and  regen- 
eration in  relation  to  (Krum- 
bhaar and  Musser)  ,  97 
(Krumbhaar,  Musser,  and 
Peet),  87 

Splenectomy : 

Effects  of  (Krumbhaar,  Mus- 
ser, and  Peet),  87 

Stomach : 

Cholecystgastrostomy,  effect 
of,  on  gastric  acidity  (Grey), 

15 

Ulcer,  gastric  (Celler  and 
Thalhimer),  791 

(Mann),  203 
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Sulphate: 

Magnesium.     See  Magnesium. 
Syphilis: 

(Zinsser  and  Hopkins),    323 

(Zinsser,  Hopkins,  and  Mc- 
Burney),  329,  341 

Aortitis,  syphilitic,  pathologi- 
cal study  of  (Larkin  and 
Levy),  .  25 

Experimental  (Wile),         199 


Tethelin: 

Carcinoma,  effect  of  tethelin 
on  (Robertson  and  Bur- 
nett), 631 
Thyroparathyroidectomy : 

Serum  changes  after  (Peter- 
sen,   JoBLiNG,    and    Egg- 
stein),  499 
Tissue : 

Animal,     rpactions     between 
bacteria  and  (Smyth), 

265,  275,  283 

Bactericidal  action  on  tissue 

cultures  (Smyth),  265 

Cultures,  in  vitro  (Smyth),  275 

Eye,  trypan-red  in  (Lewis,  P. 

A.),  669 

Fibrous,    in    wound    healing 

(Baitsell),  739 

Fixed,     suspensions    of    living 

cells  from  (Rous  and  Jones), 

549 
Toxicity: 

Eggs,      infected      (Rettger, 
Hull,  and  Sturges),     475 
Inhibition  of  toxicity  of  ura- 
nium nitrate  (MacNider), 

171 
Transfusion : 

Red  cells,  kept,  transfusion  of 
(Rous  and  Turner),     239 


Transplantation : 

Peripheral  nerves  (Ingebrigt- 
sen),  251 

Treponema : 

pallidum.  See  Spiroch(BkL  pallida. 
Virulent  (Zinsser,  Hopkins, 
and  McBurney),  341 

Trypan-red : 

Eye,  eflFect  of  trypan-red  on 
(Lewis,  P.  A.),  669 

Tubercle  bacillus: 

Cultivation  (Smyth),  283 

Typhoid: 

Bacillus,  influence  of,  on  anti- 
bodies (Bull),  419 

U 
Ulcer: 

Gastric  (Celler  and  Thal- 
himer),  791 

(Mann),  203 

Uranium: 

Nephritis  (Oliver),  301 

Nitrate,  inhibition  of  toxic- 
ity of  (MacNider),      171 

Protection  of  nephropathic 
kidney  from  (MacNider), 

171 

V 
Vaccine : 

Bacterial  (Smyth),  275 

Virulence : 

Treponema  pallidum  (Zinsser, 
Hopkins,  and  McBurney), 

329,  341 

W 

Weil's  disease : 

See  Disease. 
Wound: 

Healing,  fibrous  tissue  in  (Bait- 
sell),  739 

— ,  influence  of  size  of  defect 
on  (Spain  and  Loeb),     107 


